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LENS -INTERCHANGEABLE DIGITAL CAMERA SYSTEM 

This application claims benefits of Japanese 
Application No. 2003-135005 filed in Japan on May 13, 2003, 
the contents of which are incorporated by this reference. 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

The present invention relates to a lens -interchangeable 
digital camera system and a digital camera, interchangeable 
lens and camera body thereof. 

2. RELATED ART STATEMENT 

A conventional digital camera includes an optical low- 
pass filter (called optical LPF hereinafter), containing 
crystal or the like having a double refraction 
characteristic, in the front of the surface of an image 
pickup element in order to reduce false color (such as 
moir6) of a high frequency component of a shot image. A 
single lens reflex digital camera system has been provided 
in which a lens (lens barrel) is interchangeable with 
respect to the camera body. Image pickup elements having 
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different numbers of pixels^ that is, having different pixel 
pitches are built in multiple bodies of the lens- 
interchangeable digital camera system. Furthermore , 
multiple kinds of interchangeable lens can be attached to 
the body. 

An optical LPF having thickness corresponding to the 
pixel pitches is provided in the front of the surface of the 
image pickup element having different pixel pitches as 
described above in the single lens reflex camera body. 

The thickness of the optical LPF is set in accordance 
with the pixel pitch of the image pickup element as 
described above because a luminous flux having passed 
through the optical LPF is divided into non-refractive 
normal light and abnormal light (double refractive) and the 
" divided luminous fluxes must be launched into adjacent 
pixels of the image pickup element in order to prevent the 
occurrence of the moir6. Therefore, the thickness of the 
optical LPF must be changed in accordance with the pixel 
pitch. 

For example, Japanese Patent Application Publication No. 
Hei 7-123421 and No. 2000-244821 and Japanese Patent 
Publication No. 255285, which will be described later as 
Patent Document 1, Patent Document 2 and Patent Document 3, 
respectively, discloses propositions relating to optical 
path length control and/or spatial frequency characteristic 



1. 



- 3 - 

control by operating an optical LPF in a conventional 
digital camera. 

An image pickup apparatus disclosed in Patent Document 
1 has a switching circuit for switching a first image pickup 
mode and a second image pickup mode. In the first image 
pickup mode, color natural image signals are generated by 
using electric signals output from an image pickup element. 
In the second image pickup mode, high resolution image 
signals are generated for a single colored or monotonous 
image. An optical LPF is retractable in accordance with the 
switching, and the change in optical path length is 
corrected by using another optical system. With the image 
pickup apparatus, high resolution image signals can be 
generated for a monotonous image. 

An image pickup apparatus disclosed in Patent Document 
2 drives switching of a dummy glass for optical length 
correction and an optical LPF corresponding to driving modes 
of an image pickup element. The dummy glass for optical 
path length correction and the optical LPF constitute an LPF 
block. With the image pickup apparatus, the occurrence of 
pseudo signals caused by changes in spatial sampling 
characteristic due to special driving of the image pickup 
element can be effectively suppressed. 

In an image pickup apparatus disclosed in Patent 
Document 3, when a frame reading mode is selected. 
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correction optical means ^ instead of an optical low pass 
filter, is inserted to an incident optical path onto an 
image pickup means. The correction optical means has the 
same optical length as that of the optical LPF. With the 
image pickup apparatus, aliasing does not occur even when 
the vertical scan frequency for sampling is changed from 525 
to 262.5. Therefore, the deterioration in image quality 
does not occur. 

Some single lens reflex digital camera system may apply 
LN element (LiNb03) as an optical LPF, instead of crystal. 
The LN element is extremely thin and has the same double 
refraction characteristic as that of crystal. In order not 
to significantly change pixel pitches in every camera body 
of the digital camera system, the size of the image pickup 
element may be changed so as to change the number of pixels. 
When the LN element is applied, the optical path length of 
the luminous flux does not significantly change since the LN 
element is thin. Therefore, an interchangeable lens can be 
interchanged between digital camera bodies having different 
pixel pitches. 

SUMMARY OF THE INVENTION 

One lens-interchangeable digital camera system 
according to the invention comprises: a first camera body 
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including a first optical element having a predetermined 
function; an interchangeable lens compliant with the first 
camera body^ having an optical characteristic designed for 
correcting aberration for the first camera body; and a 
second camera body to which the interchangeable lens can be 
attached, having the same function as that of the first 
optical element and including a second optical element 
thinner than the first optical element and a compensating 
optical system for correcting a difference in thickness 
between the first optical element and the second optical 
element . 

One camera body according to the invention is a camera 
body to which an interchangeable lens optically designed for 
a reference body can be removably attached, the camera body 
including an interchangeable lens mount portion, an image 
pickup element, and a compensating optical system arranged 
between the mount portion and the image pickup element such 
that the optical path length between the interchangeable 
lens mount portion and the image pickup element can be equal 
to that of the reference camera body. 

One interchangeable lens according to the invention is 
an interchangeable lens removably attached to multiple 
camera bodies, including a lens side mount portion for 
engaging with a mount portion of the camera body, and a 
photographic optical system for optimizing aberration on the 
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image pickup surface of the camera body having the thickest 
optical element in the multiple camera bodies. 

One reference camera body according to the invention is 
one of multiple camera bodies to which an interchangeable 
lens can be attached and is a reference for the 
interchangeable lens. The reference camera body includes an 
interchangeable lens mount portion for attaching the 
interchangeable lens, an image pickup element, and an 
optical element provided between the interchangeable lens 
mount portion and an image pickup surface of an image pickup 
element. The optical element has a predetermined function. 
Aberration on the image pickup surface of the image pickup 
element is optimized by a combination of the optical element 
and the interchangeable lens. 

The other features and benefits of the invention will 
be apparent from the description below. 

BRIEF OF DESCRIPTION OF THE DRAWINGS 

Fig. lA shows an arrangement of a combination of a 
camera body and interchangeable lens, an optical member and 
an image pickup element in a digital camera according to a 
first embodiment of the invention and shows a combination of 
a reference camera body and an interchangeable lens; 

Fig. IB shows an arrangement of a combination of a 
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camera body and interchangeable lens, an optical member and 
an image pickup element in the digital camera in Fig. lA and 
shows a combination of a non-reference camera body and an 
interchangeable lens; 

Fig. 2 is a perspective diagram (including a partial 
cut-out) showing an internal construction of a camera body 
having an interchangeable lens barrel in the digital camera 
according to this embodiment shown in Figs. lA and IB; 

Fig. 3 is a perspective diagram (including a partial 
cut-out) showing an internal construction relating to an 
image pickup unit of the digital camera according to this 
embodiment shown in Figs. lA and IB; 

Fig. 4 is a schematic diagram showing details of an 
optical system of an image pickup unit to be applied to a 
first camera body of the digital camera in Figs. lA and IB; 

Fig. 5 is an enlarged vertical sectional diagram of the 
image pickup unit to be applied to the first camera body of 
the digital camera in Figs. lA and IB; 

Fig. 6 is an enlarged vertical sectional diagram of an 
image pickup unit to be applied to a second camera body of 
the digital camera in Figs. lA and IB; 

Fig. 7 is an enlarged sectional diagram of an image 
pickup unit to be applied to a first camera body in a 
digital camera system according to a second embodiment of 
the invention; 
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Fig. 8 is an enlarged vertical sectional diagram of an 
image pickup unit to be applied to a second camera body in 
the digital camera system according to the second embodiment 
in Fig. 7; 

Fig. 9 is a graph showing a relationship between pixel 
pitches of an image pickup element or numbers of pixels of 
an image pickup element to be applied to a digital camera 
and thicknesses of an optical LPF (for crystal and an LN 
element) applied thereto; and 

Fig. 10 is an optical path diagram showing a state of 
the change in an image- forming position depending on the 
presence or absence of an optical filter in the front of the 
surface of an image pickup element in a conventional image 
pickup optical system. 

DETAIL DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention will be described 
below with reference to drawings. 

Prior to the description of the embodiments of the 
invention, optical influences of the thickness of an optical 
LPF in the front of the surface of an image pickup element 
will be described. For example, when optical LPFs having 
different thicknesses are provided in the front of the 
surface of an image pickup element, the image-forming 
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position changes. Fig. 10 is an optical path diagram 
showing a state where an image- forming position changes 
based on the presence or absence of an optical LPF in the 
front of the surface of an image pickup element. 

When an optical LPF 102 is not provided in front of an 
image pickup surface 103 of an image pickup element as shown 
in Fig. 10, the center luminous flux having passed through a 
lens 101 forms an image at a point Pi on the image pickup 
surface 103. 

A peripheral luminous flux having passed through the 
lens 101 forms an image at a point P2 on the image pickup 
surface 103. However, when the optical LPF 102 is provided 
in front of the image pickup surface 103 of the image pickup 
element, the center luminous flux having passed through the 
lens 101 forms an image at a point Pi' behind the image 
pickup surface 103. The peripheral luminous flux having 
passed through the lens 101 form an image at a point P2 ' 
behind the image pickup surface 103. When the optical 
filter 103 is thicker, the luminous flux forms an image in a 
more rear direction. In other words, the effective optical 
path length of a luminous flux to the image-forming position 
depends on the thickness of the optical LPF. 

On the other hand, the optical length generally differs 
between a luminous flux incident on the center of the 
photographic screen and a luminous flux incident on the 
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periphery of the photographic screen in a photographic 
optical system of a digital camera, generating a field 
curvature aberration as a result. The difference in optical 
path length of the center and periphery of the photographic 
screen can be corrected by providing the photographic 
optical system with an optical characteristic for canceling 
the curvature of field to correct the curvature of field as 
a result. 

However, when the principle of the aberration 
correction is applied to a lens-interchangeable, single-lens 
reflex digital camera, problems as follows may occur. That 
is to say, in a single-lens reflex digital camera system 
including a first camera body having a first optical LPF and 
an interchangeable lens designed for the first camera body, 
when -the interchangeable lens is attached to a second camera 
body having a second optical LPF, and when the thicknesses 
of the first and second optical LPFs differ, a problem that 
the curvature-of-field aberration cannot be corrected 
properly occurs. This problem occurs when the first and 
second camera bodies include image pickup elements having 
different pixel pitches, the thicknesses of the optical LPFs 
are set so as to be compliant with the pixel pitches, 
respectively, as described above. 

Next, prior to the detail description of the digital 
camera system according to the first embodiment of the 
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invention, the outline will be described with reference to 
Figs. lA and IB. Figs. lA and IB are diagrams each showing 
an arrangement of a combination of a camera body and 
interchangeable lens, a filter optical member and an image 
pickup element in a digital camera system according to a 
first embodiment of the invention. Fig. lA shows a 
combination of a reference camera body and an 
interchangeable lens. Fig. IB shows a combination of a non- 
reference camera body and an interchangeable lens. 

A digital camera system according to this embodiment 
has a digital camera 1 and a digital camera 2 shown in Figs. 
lA and IB. 

The digital camera 1 includes a first camera body llA 
and an interchangeable lens barrel 12. The first camera 
body llA is a reference camera body. The interchangeable 
lens barrel 12 is a removable interchangeable lens. 

The digital camera 2 includes a second camera body IIB 
and the interchangeable lens barrel 12. The second camera 
body 1 IB is a non-reference camera body. The 
interchangeable lens barrel 12 serves as a removable 
interchangeable lens having the same specification as the 
one attached to the first camera body llA. 

The first camera body llA contains an image pickup 
element 5A and an optical LPF 8A and has a camera side mount 
portion 3. The image pickup element 5A is a first image 
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pickup element constituted by a CCD (or a CMOS type image 
pickup element) and the like having a protection glass 6. 
The optical LPF 8A is a first optical low-pass filter, which 
is an optical element arranged in the front of the surface 
of the image pickup element. The camera side mount portion 
3 has a camera-side mount surface 3a abuttable to a lens 
side mount surface 4a. In other words, when both of them 
are fixed by engaging the lens side mount portion 4 and the 
camera side mount portion 3, the position in an optical axis 
direction is fixed when the lens side mount surface 4a and 
the camera side mount surface 3a abut to each other. 

For example, the image pickup element 5A is a 4/3 type 
image pickup element and has a predetermined reference pixel 
pitch 60 (corresponding to a reference number of pixels SO) 
(see Fig. 9 described later) . The predetermined reference 
pixel pitch 60 is a first pixel pitch. A subject image 
formed on an optoelectronic converting surface 5Aa, which is 
an image- forming surface of the image pickup element, is 
converted to electric image pickup signals. 

In order to prevent the occurrence of moir^, the 
optical LPF 8A contains crystal having a double refraction 
characteristic in thickness corresponding to the reference 
pixel pitch 60 of the image pickup element 5A and includes 
an infrared absorbing glass. Furthermore, the optical LPF 
8A has a predetermined refractive index, which is 
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substantially the same as that of glass. 

The optical LPF 8A is arranged between the camera side 
mount portion 3 and the image pickup element 5A and the 
thickness of the optical LPF 8A is thickest among that of 
the optical LPF 8A, that of an optical LPF SB of the second 
camera body, which will be described later, and that of an 
optical LPF applied in another non-reference camera body to 
which the same interchangeable lens barrel 12 can be 
removably attached. 

The interchangeable lens barrel 12 has a lens side 
mount portion 4 including a lens side mount surface 4a 
abuttable to a first camera body side or a second camera 
body side mount surface 3a. The interchangeable lens barrel 
12 contains a photographic optical system 12a including 
multiple photographic lenses. The interchangeable lens 
barrel 12 has an identical specification and can be 
removably attached to both of the first camera body llA and 
the second camera body IIB. For example, the 
interchangeable lens barrel 12 may be one of multiple 
interchangeable lenses such as an interchangeable lens 
having different focal distances, a zoom lens and a macro 
lens • 

When the interchangeable lens barrel 12 is attached to 
the reference camera body llA, a subject luminous flux from 
the photographic optical system 12a pass through the optical 
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LPF 8A and form an image on the image pickup surface 5Aa of 
the image pickup element 5A. In this case, the photographic 
optical system 12a is designed and produced so as to form an 
image on the image pickup surface 5Aa without the curvature- 
of -field aberration, with the optical path length being 
changed (effective change in optical path length) in 
accordance with the refractive index and thickness of the 
optical LPF 8A. In other words, both of the image-formed 
point PI* by the center luminous flux and the image-formed 
point P2 ' by a peripheral luminous flux shown in Fig. 10 do 
not have the curvature-of-f ield aberration on the image 
pickup surface 5Aa of the image pickup element 5A. 

The second camera body IIB contains an image pickup 
element 5B, an optical LPF 8B and a compensating optical 
element 9, and has the camera side mount portion 3. The 
image pickup element SB is a second image pickup element 
constituted by a CCD (MOS type image pickup element) having 
a protection glass 6 and the like. The optical LPF SB is a 
second optical low-pass filter arranged in the front of the 
surface of the image pickup element. The compensating 
optical element 9 is a compensating optical system. The 
camera side mount portion 3 is common to the first camera 
body llA and has a camera side mount surface 3a, which can 
be engaged with the lens side mount surface 4a. 

The image pickup element 5B is a 4/3 type image pickup 
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element similar to the reference image pickup element 5A but 
has a pixel pitch 61^ which is a second pixel pitch and is 
different from the reference pixel pitch 60. A subject 
image formed on a photoelectric conversion surface 5Ba is 
converted to electric image pickup signals as well. The 
photoelectric conversion surface 5Ba is an image-forming 
surface of the image pickup element 5B. 

The optical LPF 8B is a filter thinner than the optical 
LPF 8A and contains crystal or an LN element having a double 
refraction characteristic and having a thickness 
corresponding to the pixel pitch 61 of the image pickup 
element 5B and further contains infrared absorbing glass. 
The optical LPF 8B has substantially the same predetermined 
refractive index as of glass. The optical LPF SB is also 
disposed between the lens mount portion 3 and the image 
pickup element 5B. 

The compensating optical element 9 is an optical member 
constituted by glass, which does not . have a double 
refractive characteristic but has substantially the same 
refractive index as of the optical LPF BA. The compensating 
optical element 9 is attached and built in the second 
optical LPF SB so that the image- forming position of a 
subject luminous flux by the interchangeable lens barrel 12 
does not displace from the photoelectric conversion surface 
5Ba of the image pickup element 5B. Furthermore, the 
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aberration including the curvature-of-f ield aberration does 
not occur. In other words, the compensating optical element 
9 compensates changes in optical path length due to the 
optical LPF 8B which becomes thinner in the first camera 
body llA. The compensating optical element 9 is set such 
that the sum of the thickness of the compensating optical 
element 9 and optical LPF 8B is substantially the same as 
the thickness of the optical LPF 8A. 

In the digital camera system according to this 
embodiment having the above-described construction, the 
interchangeable lens barrel 12 can be attached to the 
reference first camera body llA. The first camera body llA 
contains the image pickup element 5A having the 
predetermined reference pixel pitch 60. A subject luminous 
flux from an interchangeable lens are double-reflected by 
the optical LPF 8A and form an image properly on the image 
converting surface 5Aa of the image pickup element 5A 
without a curvature-of-f ield aberration. 

The interchangeable lens barrel 12 can be attached to 
the non-reference second camera body IIB. The second camera 
body IIB contains the image pickup element 5B having a pixel 
pitch 51. A subject luminous flux from an interchangeable 
lens passes through the compensating optical element 9, is 
double reflected by the optical LPF 8B, and forms an image 
on the image pickup conversion surface 5Ba of the image 
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pickup element 5B. The amount of the change in effective 
optical path length due to the thin optical LPF 8B is 
compensated by inserting the compensating optical element 9. 
The subject luminous flux forms an image properly without 
the curvature-of-f ield aberration similarly on the image 
pickup conversion surface 5Ba of the image pickup element 5B. 

Next^ internal constructions of the digital cameras 1 
and 2 in the digital camera system according to this 
embodiment will be described with reference to Figs. 2 and 3. 

Fig. 2 is a perspective diagram (including a partial 
cut-out) showing an internal construction of the digital 
camera in which an interchangeable lens barrel is attached 
to the camera body. Fig. 3 is a perspective diagram 
(including a partial cut-out surface) showing an internal 
construction relating to an image pickup unit of the digital 
camera . 

Each of the digital cameras 1 and 2 has an 
interchangeable lens barrel 12 having a common specification, 
and a first camera body llA or a second camera body IIB. 
The first camera body llA is a reference camera body to 
which the interchangeable lens barrel 12 can be removably 
attached. The second camera body 1 IB is a non-reference 
camera body. The mount surface 4a of the interchangeable 
lens, side mount portion 4 and the mount surface 3a of the 
camera body side mount portion 3 are abutted to each other 
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such that the interchangeable lens barrel 12 is mounted. 

The first camera body llA and the second camera body 
12A have a common construction except for the image pickup 
element of the image pickup unit and the optical LPF^ which 
are to be contained. 

The interchangeable lens barrel 12 holds the 
photographic optical system 12a inside. The photographic 
optical system 12a includes multiple lenses and a driving 
mechanism for the multiple lenses. The photographic optical 
system 12a comprises multiple optical lenses, for example, 
such that a luminous flux from a subject can pass through 
the multiple optical lenses and forms an image on a 
predetermined position (on the photoelectric conversion 
surface of the image pickup element 5A or 5B in Fig. 3) 
without different kinds of optical aberration such as the 
curvature-of "field aberration. In other words, the 
photographic optical system 12a is designed to eliminate the 
curvature-of-f ield aberration in an optical LPF in the front 
of the surface of an image pickup element. 

The "state without aberration" includes a state of a 
certain level of aberration or below, which does not 
influence on practical uses. In other words, the 
photographic optical system 12a is designed such that 
various kinds of aberration can be optimized in 
consideration of, for example, an optical LPF in the front 
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of the surface of the image pickup element. 

Each of the camera bodies llA and 1 IB is a so-called 
"single-lens reflex type" camera body and includes various 
components within a body portion 11a. Each of the camera 
bodies llA and IIB further includes a body side mount 
portion 3 on the front surface such that the lens barrel 12 
holding the photographic optical system 12a can be removably 
attached thereto. In other words, the camera body portion 
11a has an exposure opening at the substantially center on 
the front surface side of the camera body portion 11a. The 
exposure opening has a predetermined bore for guiding 
subject luminous fluxes into the camera body portion 11a. 

Detail internal constructions of the camera bodies llA 
and IIB of the first and second digital cameras will be 
described below. First of all, various operation members, 
such as a release button 17, for operating the camera body 
portion 11a is provided at a predetermined position on the 
top surface or back surface of the camera body portion 11a. 
The release button 17 is used for generating instruction 
signals to start a photographic operation. 

The camera body portion 11a includes and arranges 
various components at predetermined positions, as shown in 
Fig. 2, comprising a finder device 13, a shutter portion 14, 
an image pickup unit 15A (for the first camera body) or 15B 
(for the second camera body), multiple circuit substrates 
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including main circuit substrate 16A (for the first camera 
body) or 16B (for the second camera body) and the like. The 
finder device 13 is provided for forming a desired subject 
image by the photographic optical system 12a^ for example, 
on a predetermined position different from the photoelectric 
conversion surface of the image pickup elements 5A and 5B, 
The finder device 13 constitutes a so-called "observation 
optical system". The shutter potion 14 includes a shutter 
mechanism, for controlling the time for irradiating a 
subject luminous flux to the photoelectric conversion 
surface of the image pickup element 5A or 5B. The image 
pickup unit 15A or 15B includes an image pickup element for 
obtaining subject image signals based on the subject 
luminous flux having passed through the photographic optical 
system 12a. Various electric members of electric circuits 
are implemented on the main circuit substrate 16A or 16B. 
The electric circuits includes an image signal processing 
circuit for performing various kinds of signal processing on 
image signals obtained by the image pickup element 5A or 5B. 

A dust-preventive filter 21 is provided in the front of 
the surface of each of the image pickup units 15A and 15B. 
The dust-preventive filter 21 prevents the deposition of 
dust to the photoelectric conversion surface of an image 
pickup element. 

The finder device 13 includes a reflector 13b^ a 
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pentaprism 13a and an eyepiece 13c. The reflector 13b is 
arranged to bend an optical axis of a subject luminous flux 
having passed through the photographic optical system 12a 
and to guide the subject luminous flux to the observation 
optical system side. The pentaprism 13a receives a luminous 
flux emitted from the reflector 13b and forms an erect image 
thereof. The eyepiece 13c is used for enlarging and 
observing a subject image. 

The reflector 13b is freely movably arranged between a 
position evacuated from the optical axis of the photographic 
optical system 12a and a predetermined position on the 
optical axis. The reflector 13b is normally disposed at a 
predetermined angle ^ such as 45'', on the optical axis of the 
photographic optical system 12a with respect to the optical 
axis. Thus/ when the camera 1 is at the normal state, a 
subject luminous flux having passed through the photographic 
optical system 12a are bent by the reflector 13b and are 
reflected toward the pentaprism 13a above the reflector 13b. 

On the other hand, while the camera 1 is performing a 
photographic operation and during the real exposure 
operation, the reflector 13b can move to a predetermined 
position where the reflector 13b evacuates from the optical 
path of the photographic optical system 12a. Thus, the 
subject luminous flux is guided to the image pickup element 
side and illuminates the photoelectric conversion surface. 
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The shutter portion 14 is similar to those generally 
used in a conventional camera or the like, such as a focal 
plane type shutter mechanism and a driving circuit for 
controlling operations of the shutter mechanism. 

The image pickup units 15A and 15B for the first and 
second camera bodies, respectively, have substantially the 
same construction except for the contained image pickup 
elements and optical LPFs. First of all, the image pickup 
unit 15A for the first camera body will be described. 

The image pickup unit 15A includes the image pickup 
element 5A, an image pickup element fixing plate 28, the 
optical LPF 8A, a low-pass filter receiving member 26, an 
image pickup element storage case member 24 (called CCD case 
24 hereinafter), a dust-preventive filter receiving member 
23, a dust -preventive filter 21, a piezoelectric element 22 
and a press member 20. The image pickup element 5A is 
constituted by a CCD and the like for obtaining image 
signals corresponding to the light irradiated onto the 
photoelectric conversion surface of the image pickup element 
5A through the photographic optical system 12a. The image 
pickup element fixing plate 28 is constituted by a thin- 
plate like member for fixing and supporting the image pickup 
element 5A. The optical LPF 8A is an optical element in the 
front of the photoelectric conversion surface of the image 
pickup element 5A, fpr removing high frequency components 
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from a subject luminous flux irradiated through the 
photographic optical system 12a. The low-pass filter 
receiving member 26 is constituted by an elastic member 
substantially in a frame shape and is provided on the 
periphery between the optical LPF 8A and the image pickup 
element 5A, The CCD case 24 stores, fixes and holds the 
image pickup element 5A and supports the optical LPF 8A by 
closely abutting to the periphery and the vicinity. A 
predetermined position of the CCD case 24 is closely in 
contact with the dust-preventive filter receiving member 23. 
The dust -preventive filter receiving member 23 is provided 
in the front of the surface side of the CCD case 24 and is 
closely in contact with the periphery or the vicinity. The 
dust-preventive filter 21 is a dust-preventive member 
supported by the dust-preveiitive filter receiving' member 23 
and faces toward the optical LPF 8A at a position spaced 
apart from the optical LPF 8A by a predetermined distance in 
the front of the surface side of the optical LPF 8A in the 
front of the photoelectric conversion surface side of the 
image pickup element 5A. The piezoelectric element 22 is 
provided on the periphery of the dust-preventive filter 21 
and removes dust by giving a predetermined amount of 
vibration to the dust-preventive filter 21. The press 
member 20 is constituted by an elastic body for connecting, 
fixing and holding the dust -preventive filter 21 to the 
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dust-preventive filter receiving member 23 in an air-tight 
manner • 

The image pickup element 5A performs photoelectric 
conversion processing on subject luminous fluxes received by 
the photoelectric conversion surface 5Aa (Fig. lA) of the 
image pickup element 5A through the photographic optical 
system 12a. Thus, the image pickup element 5A can obtain 
image signals corresponding to the subject image on the 
photoelectric conversion surface. The image pickup element 
5A may be a 4/3 type charge-coupled device. In this case, 
the reference pixel pitch 60, which is a first pixel pitch, 
is substantially 7 jim, for example. 

The image pickup element 5A is implemented at a 
predetermined position on the main circuit substrate 16A 
through the image pickup element fixing plate 28. An image 
signal processing circuit and work memory, not shown, are 
implemented together on the main circuit substrate 16. Thus, 
output signals from the image pickup element 5A, that is, 
image signals obtained through photoelectric conversion 
processing are transmitted to the image signal processing 
circuit. 

The protection glass 6 (Fig. 3) is attached in front of 
the photoelectric conversion surface of the image pickup 
element 5A. 

The signal processing performed in the image signal 



- 25 - 



processing circuit includes various kinds of signal 
processing such as processing for converting image signals 
obtained from the image pickup element 5A to signals 
suitable for recording. In this case, the image signals 
correspond to the image formed on the photoelectric 
conversion surface of the image pickup element 5 A by the 
photographic optical system 12a held within the lens barrel 
12 attached to the body side mount portion 3. These kinds 
of signal processing are the same as processing normally 
performed in a general digital camera for handling 
electronic image signals. 

The optical LPF 8A is provided in the front of the 
surface side of the image pickup element 5A via the low-pass 
filter receiving member 26. The optical LPF 8A contains 
crystal/ which is an optical element having a double 
refraction characteristic. As described later, the optical 
LPF 8A has a thickness tl corresponding to a pixel pitch 
(about 7 im) of the image pickup element 5A. The optical 
LPF 8A further contains an infrared absorbing glass, as 
described later. 

The CCD case 24 is arranged in such a way to cover the 
optical LPF 8A. The CCD case 24 has a rectangular opening 
substantially at the center. The optical LPF 8A and image 
pickup element 5A are provided in the opening from the back. 
A step 24a having a substantially L-shaped section is 



- 26 - 

provided on the internal periphery on the back side of the 
opening. 

As described above, the low-pass filter receiving 
member 26 constituted by an elastic member is provided 
between the optical LPF 8A and the image pickup element 5A. 
The low-pass filter receiving member 26 is provided at a 
position avoiding an effective range of the photoelectric 
conversion surface on the periphery of the front surface 
side of the image pickup element 5A. Furthermore, the low- 
pass filter receiving member 26 is abutted to the vicinity 
of the periphery of the back side of the optical LPF 8A. 
The optical LPF 8A and the image pickup element 5A are in 
contact with each other substantially in an air-tight manner. 
Thus, elastic force toward the optical axis by the low-pass 
filter receiving member 26 acts on the optical LPF 8A. 

Then, the periphery of the front surface side of the 
optical LPF 8A is disposed so as to be in contact with the 
step 24a of the CCD case 24 substantially in an air-tight 
manner. Thus, the position in the optical axis direction of 
the optical LPF 8A is controlled against the elastic force 
by the low-pass filter receiving member 26 for attempting to 
move the optical LPF 8A toward the optical axis. 

In other words, the optical LPF 8A laid within the 
opening of the CCD case 24 from the back surface side is 
positionally controlled by the step 24a in the optical axis 
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direction. Thus, the optical LPF 8A is prevented from 
coining out from the inside of the CCD case 24 toward the 
front surface side. 

In this way, after the optical LPF 8A is inserted from 
the back surface side into the opening of the CCD case 24, 
the image pickup element 5A is disposed on the back surface 
side of the optical LPF 8A. In this case, the low-pass 
filter receiving member 26 is held at the periphery between 
the optical LPF 8A and the image pickup element 5A. 

AS described above, the image pickup element 5A is 
implemented on the main circuit substrate 16 via the image 
pickup element fixing plate 28. The image pickup element 
fixing plate 28 is fixed via a spacer 28a with a screw 28b 
into a screw hole 24e from the back surface side of the CCD 
case 24. The main circuit substrate 16 is fixed to the 
image pickup element fixing plate 28 with a screw 16d via a 
spacer 16c. 

The dust-preventive filter receiving member 23 is fixed 
to the screw hole 24b of the CCD case 24 on the front 
surface side of the CCD case 24 with a screw 23b. A 
peripheral slot 24d in a substantially ring shape is 
provided at a predetermined position on the front surface 
side on the periphery side of the CCD case 24. On the other 
hand, a ring-shape projection 23d to fit to the peripheral 
slot 24d of the CCD case 24 is provided in a substantially- 
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ring form at a predetermined position on the back surface 
side of the periphery side of the dust-preventive filter 
receiving member 23. Therefore, when the ring-shape 
projection 23d fits into the peripheral slot 24d, the CCD 
case 24 and the dust-preventive filter receiving member 23 
fit into each other substantially in an air-tight manner in 
a ring-shaped area, that is, in an area having the 
peripheral slot 24d and the ring-shaped projection 23d. 

The dust-preventive filter 21 contains glass and has a 
circular or polygonal plate as a whole. An area extending, 
with some extent, at least from the center of the dust- 
preventive filter 21 to the edge is transparent. The 
transparent area faces toward the front surface side of the 
optical LPF 8A through a predetermined space. 

The piezoelectric element 22 is bonded oh the periphery 
of one surface of the dust-preventive filter 21 with 
adhesive means, for example, such that the piezoelectric 
element 22 is integrated to the periphery. The 
piezoelectric element 22 is a predetermined vibrating member 
for giving vibrations to the dust-preventive filter 21 and 
includes an electromechanical conversion element and the 
like. The piezoelectric element 22 can cause a 
predetermined amount of vibration in the dust-preventive 
filter 21 by externally applying a predetermined amount of 
driving voltage. 
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The dust-preventive filter 21 is fixed and is held by 
the press member 20 such that the dust-preventive filter 21 
can be engaged with the dust -preventive filter receiving 
member 23 in an air-tight manner. The press member 20 is 
constituted by an elastic body such as a flat spring. 

The dust-preventive filter receiving member 23 has a 
circular or polygonal opening in the vicinity of the 
substantially center of the dust -preventive filter receiving 
member 23. The opening is designed to be large enough for 
subject luminous fluxes through the photographic optical 
system 12a to illuminate the photoelectric conversion 
surface of the image pickup element 5A at the back. 

A wall 23e in a substantially ring shape extends 
forward from the periphery of the opening. A receiver 23c 
extends toward the front surface from the distal end of the 
wall 23e. 

On the other hand, multiple (three, in this embodiment) 
projecting portions 23a extend forward from predetermined 
positions on the external periphery of the front surface 
side of the dust-preventive filter receiving member 23. 
Each of the projecting portions 23a can fix the press member 
20 for fixing and holding the dust-preventive filter 21. 
The press member 20 is fixed to the end of the projecting 
portion 23a with fastening means such as a screw 20a. 

The press member 20 includes an elastic body such as a 
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flat spring, as described above. The proximal end of the 
press member 20 is fixed to the projecting portion 23a/ and 
the free end is abutted to the external periphery of the 
dust-preventive filter 21. Thus, the dust -preventive filter 
21 is pressed toward the dust-preventive filter receiving 
member 23 side^ that is^ toward the optical axis. 

In this case, a predetermined position of the 
piezoelectric element 22 on the external periphery of the 
back surface side of the dust-preventive filter 21 is 
abutted to the receiver 23c. Thus, the positions of the 
dust-preventive filter 21 and piezoelectric element 22 in 
the optical axis direction can be controlled. Then, the 
dust-preventive filter 21 is fixed and is held so as to 
engage with the dust-preventive filter receiving member 23 
in an air tight manner via the piezoelectric element 22. 

In other words, the dust-preventive filter receiving 
member 23 is forced by the press member 20 to engage with 
the dust-preventive filter 21 through the piezoelectric 
element 22 in an air-tight manner. 

By the way, as described above, the peripheral slot 24d 
and ring-shaped projection 23d of the dust-preventive filter 
receiving member 23 and the CCD case 24 fit into each other 
substantially in an air-tight manner. At the same time, the 
dust-preventive filter receiving member 23 and the dust- 
preventive filter 21 are forced by the press member 20 to 
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engage with each other in an air-tight manner via the 
piezoelectric element 22. The optical LPF 8A in the CCD 
case 24 is provided substantially in an air-tight manner 
between the periphery of the front surface side of the 
optical LPF 8A and the step 24a of the CCD case 24. 
Furthermore, the image pickup element 5A is provided on the 
back surface side of the optical LPF 8A via the low pass 
filter receiving member 26. The substantial air-tightness 
is also held between the optical LPF 8A and the image pickup 
element 5A. 

Therefore, a predetermined gap 51a is provided in a 
space between the optical LPF 8A and the dust-preventive 
filter 21. The periphery side of the optical LPF 8A, that 
is, the CCD case 24, the dust-preventive filter receiving 
member 23 and the dust-preventive filter 21 form a space Sib. 
The space 51b is a sealed space extending toward the outside 
of the optical LPF 8A. 

The space 51b is set to be larger than the gap 51a. A 
sealed space 51 includes the gap 51a and the space 51b. The 
space 51 is formed by the CCD case 24, the dust-preventive 
filter receiving member 23, the dust-preventive filter 21 
and the optical LPF 8A substantially in an air-tight manner, 
as described above. 

Fig. 4 is a schematic diagram showing details of an 
optical system of the image pickup unit 15A in the first 
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camera body llA, Fig. 5 is an enlarged vertical sectional 
diagram of the image pickup unit 15A. 

, As shown in Fig. 4, the protection glass 6 is provided 
in the front of the surface of the image pickup element 5A. 
Furthermore, the optical LPF 8A and the dust-preventive 
filter 21 are disposed in front of the image pickup element 
5A. 

In the optical LPF 8A, a crystal plate 8a on the front 
side, an infrared absorbing glass Sb, a crystal plate 8c and 
a crystal plate 8d are superimposed. The double refraction 
direction of the crystal plate 8a is -45°. The double 
refraction direction of the crystal plate 8c is +45°. The 
double refraction direction of the crystal plate 8d is O"". 

Each of the crystal plates 8a and 8c has a thickness 
corresponding to the pixel pitch (about 7 \m) of the image 
pickup element 5A shown in Fig. 9, which will be described 
later. On the other hand, the crystal plate 8d has a 
thickness of the square route of the thickness of the 
crystal plates 8a and 8b. The optical LPF 8A having the 
above-described construction can prevent the moir6 occurring 
when a subject luminous flux via the interchangeable lens 
barrel 12 forms an image on the photoelectric conversion 
surface 5Aa of the image pickup element 5A. 

The crystal plates 8a, 8c, and 8d and the infrared 
absorbing glass 8b have reflective indexes close to that of 
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glass and have a thickness tsO. The photoelectric 
conversion surface 5Aa of the image pickup element 5A is 
positioned at the image forming position of a subject 
luminous flux based on the effective light path length in 
accordance with the reflective index and the thickness tsO. 
Therefore, a subject luminous flux captured by the lens 
barrel 12 can form an image properly on the photoelectric 
conversion surface 5Aa of the image pickup element 5A 
without the curvature-of -field aberration. More strictly 
speaking, the thickness of the protection glass 6 and dust- 
preventive filter 21 also contributes to the change in 
effective optical path length. However, the protective 
glass 6 and the dust-preventive filter 21 have the same 
thickness in the first camera body and the second camera 
body." Therefore, the effective optical path length in 
accordance with the protective glass 6 and dust-preventive 
filter 21 do not differ between the first camera body and 
the second camera body. 

On the other hand, when the protection glass 6 and the 
dust-preventive filter 21 have different thicknesses and/or 
materials between the first camera body and the second 
camera body, the curvature-of -field aberration is corrected 
by changing the thickness or the material of the 
compensating optical element in accordance with the change 
in the effective optical path length based on the 
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differences . 

Fig. 9 is a graph showing a relationship between pixel 
pitches of an image pickup element (a number of pixels of 
the image pickup element) and thickness of the corresponding 
optical LPF (in cases of a crystal plate and an LN element). 
As shown in Fig. 9, as the pixel pitch P decreases, the 
thickness of the corresponding optical LPF decreases. The 
thickness of the LN element in accordance with the same 
pixel pitch P is about 1/5 to 1/6 of that of the crystal 
plate. 

On the other hand, the second camera body IIB has the 
image pickup element 5B of the image pickup unit 15B, the 
optical LPF 8B and the compensating optical element 9, which 
is a compensating optical system, instead of the image 
pickup element 5A and the optical LPF 8A in the first camera 
body llA, as described above. The rest of the construction 
is the same. Fig. 6 is an enlarged vertical sectional 
diagram of the image pickup unit 15B in the second camera 
body IIB. 

The size of the image pickup element 5B is 4/3 type, 
which is the same as that of the image pickup element 5A, 
and has a pixel pitch 61, which is a second pixel pitch 
different from the reference pixel pitch 80 (about 7 jim) . 
The photoelectric conversion surface 5Ba (Fig. IB) of the 
image pickup element 5B is apart from the mount surface 3a 
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by the same distance relatively between the mount surface 3a 
and the photoelectric conversion surface 5Aa (Fig. lA) of 
the image pickup element 5A, 

The optical LPF 8B has a thickness tsl for a double- 
reflecting subject luminous flux in accordance with the 
pixel pitch 61 of the image pickup element 5B (Fig. 6). The 
optical LPF 8B may be crystal or an LN element. 

The compensating optical element 9 has a thickness til 
for compensating an amount of change in effective optical 
path length due to the change of the optical LPF 8B into the 
thickness tsl thinner than the thickness tsO (Fig. 6). In 
other words, the compensating optical element 9 is an 
optical element, such as a glass plate having a reflective 
index substantially equal to that of crystal and not having 
a double refraction characteristic. The sum of the 
thickness tsl of the optical LPF SB and the thickness til of 
the compensating optical element 9 is set equal to the 
thickness tSO of the optical LPF 8A. The compensating 
optical element 9 is fixed to the optical LPF 8B with an 
optical adhesive. 

Also in the image pickup unit 15B, a subject luminous 
flux captured through the interchangeable lens barrel 12 can 
form an image properly on the photoelectric conversion 
surface 5Ba of the image pickup element 5B without the 
curvature-of-f ield aberration and without the displacement 
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of the image-forming position. 

When the pixel pitch 61 of the image pickup element 5B 
of the second camera body llB is smaller than the reference 
image pitch 80, which is 7 ^m, that is, when the number of 
pixels of the image pickup element 5B is higher than the 
number of pixels of the image pickup element the 
thickness tsl of the optical LPF 8B, which is a crystal 
plate, of the second camera body llB is thinner than the 
thickness tsO of the optical LPF 8A (Fig. 9). Here, the 
compensating optical element 9 is a glass plate having a 
thickness til in accordance with the decreased amount of 
thickness for compensating the amount of change in effective 
optical path length due to the decrease in thickness of the 
optical LPF 8B. The compensating optical element 9 may be 
provided separately from the optical LPF 8B as shown in Fig. 
6. However, for example, the same effect can be obtained by 
increasing the thickness of the infrared absorbing glass 8b^ 
the protection glass 6 or the dust-preventive filter 21 by 
the amount of the thickness til. 

On the other hand, when the pixel pitch Si of the image 
pickup element 5B of the second camera body llB is larger 
than the reference image pitch 60, 7 (xm, that is, when the 
number of pixels of the image pickup element 5B is lower 
than the number of pixels of the image pickup element 5A, an 
LN element is applied as the optical LPF 8B so as not to 
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further increase the thickness of the optical LPF. The 
thickness tsl of the LN element extremely decreases as shown 
in Fig. 9 due to the double refraction characteristic in 
accordance with the increase in the pixel pitch. However, 
the thickness is 0.1 mm or larger and can be produced. Then, 
the compensating optical element 9 having the thickness til 
equal to the amount of the decrease in thicknes.s of the 
optical LPF 8B having an LN element is bonded to the optical 
LPF 8B (but, strictly speaking, the thickness til of the 
compensating optical element 9 must be determined in 
consideration of the difference in reflective index between 
the LN element and the crystal). This allows a subject to 
form an image properly on the photoelectric conversion 
surface 5Ba (Fig. IB) of the image pickup element 5B at the 
same position as that of the image pickup element 5A. The 
thickness of the optical LPF 8A of the first camera body llA 
is the thickest in those of the optical LPFs in the other 
non-reference camera body such as the second camera body IIB. 

As described above, when interchangeable lens barrels 
12 are attached to the first camera body llA and the second 
camera body llB in a digital camera system according to this 
embodiment, the optical LPF 8A or 8B having different 
thickness (where the optical LPF 8B is thinner) is applied 
so as to double-refract a subject luminous flux in 
accordance with the pixel pitches. In this case, the first 
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camera body llA is a reference camera body containing the 
reference image pickup element 5A. The second camera body 
IIB contains the image pickup element 5B having a pixel 
pitch different from that of the first camera body llA. In 
order to compensate the displacement of an image-forming 
position due to the decrease in thickness^ the compensating 
optical element 9 is provided in the second camera body side. 
The provided compensating optical element 9 can allow the 
subject luminous flux properly to form an image on the 
photoelectric conversion surface of the image pickup element 
5B with the curvature-of -field aberration. 

The compensating optical element 9 of the second camera 
body llB side has the amount of thickness equal to the 
decreased amount of thickness of the optical LPF 8B. Thus, 
the image pickup unit 15A of the first camera body llA and 
the image pickup unit 15B of the second camera body IIB can 
take up the same spaces in the respective camera bodies . 
Therefore, the commonality of the constructions of the first 
and second camera bodies can be achieved easily. 

The reference pixel pitch 60 is 7 ^m in this embodiment. 
A method for setting the reference pixel pitch will be 
described below. 

As described above, the thickness of an optical low 
pass filter is determined based on the pixel pitch of an 
image pickup element. However, even with the same pixel 
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pitch, the thickness of the optical low pass filter depends 
on the material. As shown in Fig, 10, the thickness 
significantly differs between the low pass filter containing 
crystal as a first material and the low pass filter applying 
an LN element as a second material. The number of pixels 
shown in Fig. 10 is for a 3/4 type image pickup element. 

On the other hand, a thin optical low pass filter is 
preferably used for reducing the size of a camera. However, 
a much thinner optical low pass filter may be difficult to 
produce and may be easily destroyed, which is not preferable. 
An optical low pass filter containing an LN element for the 
image pickup element having the pixel pitch 6 lower than 
6.31 Jim is difficult to produce. 

Therefore, a pixel pitch larger than the pixel pitch 
corresponding to the lowest thickness, which can be produced 
with the second material, an LN element, is set as the 
reference pixel pitch. Then, by forming the optical low- 
pass filter in accordance with the reference pixel pitch by 
using the first material, crystal, the optical low pass 
filter can have the lowest thickness even for the camera 
bodies having different pixel pitches. 

Next, a digital camera system according to a second 
embodiment of the invention will be described with reference 
to Figs. 7 and 8. 

Fig. 7 is an enlarged vertical sectional diagram of an 
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image pickup unit 15C in a first camera body in a digital 
camera system according to this embodiment. Fig. 8 is an 
enlarged vertical sectional diagram of an image pickup unit 
15D in a second camera body in the digital camera system. 

Like the first embodiment, the digital camera system 
according to this embodiment also includes: digital cameras. 
One digital camera which comprises an interchangeable lens 
barrel 12 in Fig. 2 having multiple interchangeable lenses 
and a first camera body IIC, which is a reference camera 
body; another digital camera which comprises an 
interchangeable lens barrel 12 and a second camera body IID, 
which is a non-reference camera body, and an interchangeable 
lens barrels 12 having the same specification to be 
removably attached to the first camera body IIC and the 
second camera body llD, respectively. 

The first camera body IIC has the same construction as 
that of the first camera body llA except for the contained 
optical LPF 8A of the image pickup unit 15A. The second 
camera body IID has the same construction as that of the 
second camera body IIB except for the optical LPF SB and the 
compensating optical element 9 in the image pickup unit 
contained in the second camera body IIB. Therefore, the 
same reference numerals are given to the same components, 
and only the different parts will be described below. 

An image pickup unit 15C of the first camera body IIC 
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contains an image pickup element 5A having a reference pixel 
pitch 60 (about 7 nm) . An optical LPF 8C and an infrared 
cut filter (infrared absorbing glass) 8D are provided on the 
front surface side. 

The optical LPF 8C is constituted by a crystal plate 
having the same double refraction characteristic as that of 
the optical LPF BA. The thickness ts2 is set in accordance 
with the reference pixel 60 of the image pickup element 5A 
in order to prevent the occurrence of moir6 (Fig. 9). The 
optical LPF 8C is the thickest in optical LPFs built in the 
non reference camera bodies such as the second camera body 
IID. 

The infrared cut filter 8D has the same reflective 
index as that of crystal but does not have a double 
refraction characteristic. The infrared cut filter 8D is 
set to have a thickness ti2 enough to absorb infrared rays . 

A subject luminous flux captured through the attached 
interchangeable lens barrel 12 forms an image on the 
photoelectric conversion surface 5Aa (Fig. lA) of the image 
pickup element 5A through the dust-preventive glass 21^ the 
infrared cut filter 8D, the optical LPF 8C and the 
protective glass 6. The photoelectric conversion surface 
5Aa is positioned at the position where the curvature-of- 
field aberration does not occur in consideration of an 
amount of the change in effective optical path length based 
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on the reflective index of the optical LPF 8C. 

On the other hand, the image pickup unit 15D of the 
second camera body IID contains an image pickup element 5B 
having a pixel pitch 51 different from the reference pixel 
pitch 60. An optical LPF 8E and an infrared cut filter 
(infrared absorbing glass) 8F also used as a compensating 
optical system are provided on the front surface side. An 
photoelectric conversion surface 5Ba of the image pickup 
element 5B is disposed at the same position as that of the 
photoelectric conversion surface 5Aa of the image pickup 
element 5A. 

The optical LPF BE has the same double refraction 
characteristic as that of the optical LPF 8C and includes a 
crystal plate or an LN element. The thickness ts3 is set 
thinner than the thickness ts2 in accordance with the pixel 
pitch 61 of the image pickup element 5B in order to prevent 
the occurrence of moir6. 

The infrared cut filter 8D has the same reflective 
index as that of crystal but does not have a double 
refraction characteristic. The infrared cut filter 8D has a 
thickness ti3 enough for absorbing infrared rays and for 
compensating an amount of the decrease in thickness of the 
optical LPF 8E. In other words, the thickness of the 
infrared cut filter 8D is increased by an amount of the 
difference in thickness between the optical LPF 8E and the 
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optical LPF 8C. The sum ti3 -H ts3 of thickness of the 
infrared cut filter 8F and the optical LPF 8E is set 
substantially equal to the sum ti2 + ts2 of thickness of the 
infrared cut filter 8D and the optical LPF 8C. Therefore^ a 
subject luminous flux captured through the interchangeable 
lens barrel 12 can form an image properly on the 
photoelectric conversion surface 5Ba (Fig. IB) of the image 
pickup element 5B through the dust-preventive glass 21, the 
infrared cut filter 8F, the optical LPF 8E and the 
protection glass 6 in the second camera body IID without the 
occurrence of the curvature-of -field aberration. 

When the pixel pitch 61 of the image pickup element 5B 
applied to the second camera body IID is smaller than the 
reference pixel pitch 60^ the thickness ts3 of the optical 
LPF 8E is thinner while the thickness ti3 of the infrared 
cut filter 8 is increased by the amount of the decrease in 
the thickness ts3 like the first embodiment. When the pixel 
pitch 61 of the image pickup element 5B applied in the 
second camera body IID is larger than the reference pixel 
pitch 60, a thinner LN element is applied as the optical LPF 
8E like the first embodiment. The thickness ts3 is thin but 
St ill can be produced (0.1 mm or larger). The thickness ti3 
of the infrared cut filter 8F is increased by the amount of 
the decrease in the thickness ts3 (where, strictly speaking, 
the thickness ti3 of the infrared cut filter 8F must be 
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determined in consideration of the difference in reflective 
index between an LN element and crystal). Therefore^ the 
sum of the thickness of the infrared cut filter 8F and the 
optical LPF 8E does not change substantially, and the image 
pickup unit 15D and the image pickup unit 15D take up the 
same amount of space. The thickness of the optical LPF 8C 
of the first camera body IIC is the thickest in the optical 
LPFs built in the other non-reference camera bodies such as 
the second camera body llD. 

As described above, the same effects can be obtained as 
those of the first embodiment even in a digital camera 
system according to this embodiment. The interchangeable 
lens barrel 12 having the same specification can be 
removably attached to the first camera body IIC on the 
reference side and the second camera body IID on the non- 
reference side. Subject luminous fluxes of both of them can 
form an image on the photoelectric conversion surface of the 
image pickup element at the same position without the 
curvaturie-of-f ield aberration. 

According to this embodiment, the image pickup units 
15C and 15D take up the same amount of space within the 
camera bodies according to this embodiment. Therefore, the 
other components in the first camera body IIC and the second 
camera body llD can be arranged under the same condition. 

In a lens-interchangeable digital camera system 
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according to the invention, interchangeable lenses having 
the same specification can be removably attached to 
different camera bodies including image pickup element 
having different pixel pitches from each other. Thus, 
images without the curvature-of-f ield aberration can be 
picked up by the digital cameras/ respectively. Furthermore, 
components relating to the image pickup elements can be 
arranged in different camera bodies in a same manner. 

The invention is not limited to the above-described 
embodiments, and various changes are possible without 
departing from the principle. Furthermore, the embodiments 
include the invention at various stages, and various 
inventions can be extracted by properly combining multiple 
disclosed constructional requirements. 

For example, even when several constructional 
requirements are removed from the entire constructional 
requirements described in the embodiments, the construction 
from which the constructional requirements are removed can 
be extracted as an invention if the problems described in 
the section. Problems to be Solved by the Invention, can be 
solved. 



WHAT IS CLAIMED IS: 



1. A lens-interchangeable digital camera system, 
comprising: 

a first camera body including a first image pickup 
element having a pixel pitch of about 7 \m and a first 
optical low pass filter having a thickness determined based 
on the pixel pitch of about 7 \m; 

an interchangeable lens removably attached to the first 
camera body and having a function for correcting the 
curvature-of-f ield aberration on an image-forming surface of 
the image pickup element; and 

a second camera body including a second image element 
to which the interchangeable lens can be removably attached, 
having a pixel pitch different from the pixel pitch of about 
7 ^un and a more number of pixels than that of the first 
image pickup element, a second optical low pass filter 
having the thickness determined in accordance with the pixel 
pitch of the second image pickup element and being thinner 
than the first optical low pass filter, and a compensating 
optical system for correcting a difference in optical path 
length caused due to the difference in thickness of the 
first optical low pass filter and second optical low pass 
filter. 

2. The lens-interchangeable digital camera system 
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according to Claim 1 , 

wherein the first and second optical low pass filters 
are optical elements having a double refraction 
characteristic, and the compensating optical system does not 
have a double refraction characteristic. 

3. The lens-interchangeable digital camera system 
according to Claim 2, 

wherein the first and second optical low pass filters 
are constituted by crystal. 

4. The lens-interchangeable digital camera system 
according to Claim 1, 

wherein the reflective index of the compensating 
optical system is close to the reflective index of the 
second optical low pass filter. 

5. The lens- interchangeable digital camera system 
according to Claim 1 , 

wherein the sum of the thickness of the second optical 
low pass filter and the thickness of the compensating 
optical system is substantially equal to the thickness of 
the first optical low pass filter. 

6. A lens-interchangeable digital camera system, 
comprising: 

a first camera body including a first image pickup 
element having a first pixel pitch and a first optical low 
pass filter having a thickness determined in accordance with 
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the first pixel pitch of the first image pickup element; 

an interchangeable lens attachable to the first camera 
body^ having a correction function for optimizing the 
curvature-of-field aberration on an image-forming surface of 
the first image pickup element when the interchangeable lens 
is attached to the first camera body; and 

a second camera body to which the interchangeable lens 
can be attached, including a second image pickup element 
having a second pixel pitch different from the first pixel 
pitch, a second optical low pass filter having a thickness 
determined in accordance with the second pixel pitch and 
being thinner than the first optical low pass filter, and a 
compensating optical system for correcting the curvature-of- 
field aberration on the image-forming surface of the second 

image pickup element caused due to the difference in 

thickness of the first optical low pass filter and the 
second optical low pass filter. 

7. The lens -interchangeable digital camera system 
according to Claim 6, 

wherein the first pixel pitch is about 7 im. 

8. The lens-interchangeable digital camera system 
according to Claim 6, 

wherein the second pixel pitch is narrower than the 
first pixel pitch. 

9. The lens-interchangeable digital camera system 



according to Claim 6, the second image pickup element has 
more number of pixels than that of the first image pickup 
element • 

10. A lens-interchangeable digital camera system, 
comprising: 

an interchangeable lens for which optical aberration is 
corrected so as to be compliant with a reference camera 
body; and 

a camera body to which the interchangeable lens can be 
attached, having an image pickup element, an optical element 
within a photographic optical path of the image pickup 
element, and a compensating optical element provided within 
the photographic optical path together with the optical 
element in order to correct aberration due to the 
combination of the interchangeable leiis and the optical 
element. 

11. The lens-interchangeable digital camera system 
according to Claim 10^ 

wherein the interchangeable lens is designed so as to 
minimize the curvature-of-f ield aberration in combination 
with the reference camera body. 

12. A lens-interchangeable digital camera system, 
comprising: 

a first camera body including a first optical low pass 
filter; 
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an interchangeable lens compliant with the first camera 
body and set such that an optical characteristic can correct 
aberration due to the first optical low pass filter; and 

a second camera body to which the interchangeable lens 
can be attached^ including a second optical low pass filter 
thinner than the first optical low pass filter and a 
compensating optical system for correcting the difference in 
thickness of the first optical low pass filter and the 
second optical low pass filter. 

13. A lens -interchangeable digital camera system 
according to Claim 12, 

wherein the first and second optical low pass filters 
are optical elements having a double refraction 
characteristic, and the compensating optical system is an 
optical element having no double refraction characteristic. 

14. A camera body to which an interchangeable lens for 
correcting aberration to fit to a reference camera body can 
be attached, comprising: 

an image pickup element having a different pixel pitch 
from that of the image pickup element in the reference 
camera body; 

an optical low pass filter provided in a photographic 
optical path and having a thickness in accordance with the 
pixel pitch of the image pickup element; and 

a compensating optical system for correcting aberration 



- 51 - 



due to the combination of the interchangeable lens and the 
optical low pass filter. 

15. An interchangeable lens removably attached to 
multiple camera bodies, the interchangeable lens comprising: 

a lens side mount portion for engaging with a mount 
portion of the camera body; and 

a photographic optical system for optimizing aberration 
on the image pickup surface for the thickest optical low 
pass filter in the multiple camera bodies. 

16. An interchangeable lens according to Claim 15, 
wherein the curvature-of-f ield aberration on the image 

pickup surface is minimized for a camera body having the 
thickest optical low pass filter. 

17. The interchangeable lens according to Claim 16, 
wherein the optical low pass filter has a thickness 

corresponding to an image pickup element having a pixel 
pitch of about 7 \jm. 

18. The interchangeable lens according to Claim 15, 
wherein the thickest optical low pass filter contains 

crystal. 

19. An interchangeable lens removably attached to 
multiple camera bodies, comprising: 

a lens side mount portion for engaging with a mount 
portion of the camera body; and 

a photographic optical system for optimizing aberration 
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on the picked up image for a camera body having the thickest 
optical low pass filter in the multiple camera bodies. 

20. An interchangeable lens removably attached to 
multiple camera bodies, comprising: 

a lens side mount portion for engaging with a mount 
portion of the camera body; and 

a photographic optical system for optimizing aberration 
on the image pickup surface for the camera body having an 
optical low pass filter having a thickness corresponding to 
an image pickup element having a pixel pitch of about 7 ^im 
in the multiple camera bodies. 

21. A camera body to which an interchangeable lens 
optically designed for a reference camera body can be 
removably attached, comprising: 

an interchangeable lens mount portion; 
an image pickup element; and 

a compensating optical system provided between the 
mount portion and the image pickup element such that the 
optical length between the interchangeable lens mount 
portion and the image pickup element is equal to that of the 
reference camera body. 

22. The camera body according to Claim 21, 
wherein the compensating optical system has a 

reflective index substantially equal to an optical low pass 
filter in the reference camera body. 
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23. The camera body according to Claim 21, 

wherein the camera body has an optical low pass filter 
between the interchangeable lens mount portion and an image 
pickup surface of the image pickup element, and the 
compensating optical system compensates a difference in 
optical path length between an optical low pass filter in 
the reference camera body and the optical low pass filter in 
the camera body. 

24. The camera body according to Claim 23, 
wherein the compensating optical system has 

substantially the same thickness as the difference in 
thickness between the optical low pass filter in the 
reference camera body and an optical low pass filter in the 
camera body. 

25. The camera body according to Claim 23, 

wherein the optical low pass filter in the camera body 
has a thickness different from that of an optical low pass 
filter in the reference camera body. 

26. The camera body according to Claim 25, 

wherein the optical low pass filter in the camera body 
is thinner than an optical low pass filter in the reference 
camera body. 

27. A reference camera body, comprising: 

an interchangeable lens mount portion for attaching an 
interchangeable lens; 
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an image pickup element; and 

an optical low pass filter between the interchangeable 
lens mount portion and an image pickup surface of the image 
pickup element, 

wherein the reference camera body is one of multiple 
camera bodies to which an interchangeable lens can be 
attached and is a reference for the interchangeable lens, 
and the optical low pass filter is the thickest in optical 
low pass filters among the multiple camera bodies. 

28, A reference camera body, comprising: 

an interchangeable lens mount portion for attaching an 
interchangeable lens ; 

an image pickup element;, and 

an optical low pass filter between the interchangeable 
iens mount portion and an image pickup surface of the image 
pickup element, 

wherein the camera body is one of multiple camera 
bodies to which an interchangeable lens can be attached and 
is a reference for the interchangeable lens, and the 
aberration on an image pickup surface of the image pickup 
element is optimized by a combination of the optical low 
pass filter and the interchangeable lens. 

29. The reference camera body according to Claim 28, 
wherein the thickness of the optical low pass filter is 

determined in accordance with the image pickup element 
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having a pixel pitch of about 7 jun. 

30. The reference camera body according to Claim 28, 
wherein the optical low pass filter is crystal. 

31. The lens-interchangeable digital camera system, 
comprising: 

a first camera body including a first optical element 
having a predetermined function; 

an interchangeable lens compliant with the first camera 
body, having an optical characteristic designed for 
correcting aberration for the first camera body; and 

a camera body to which the interchangeable lens can be 
attached, having: 

a second optical element which has the same function as 
that of the first optical element and which is thinner than 
the first optical element; and a compensating optical system 
for correcting a difference in thickness between the first 
optical element and the second optical element. 



ABSTRACT OF THE DISCLOSURE 



The present digital camera system includes multiple 
interchangeable lens barrels having a same specification, 
and a digital camera having a first camera body to which the 
interchangeable lens barrel can be attached or another 
digital camera having a second camera body. The first 
camera body contains a first image pickup element having a 
reference pixel pitch and a first optical LPF (low pass 
filter). The second camera body contains a second image 
pickup element having a pixel pitch different from the 
reference pixel pitch, a second optical LPF and a 
compensating optical element. The compensating optical 
element is a glass plate having no double refraction 
characteristic for compensating an amount of the change in 
optical path length due to the decrease in thickness of the 
second optical LPF with respect to the first optical LPF. 
The present digital camera system allows the replacement of 
an interchangeable lens without generating various kinds of 
aberration among camera bodies having different pixel 
pitches . 



FIG.1A 




FIG.2 




FIG.3 




FIG.4 




FIG.5 




FIG.6 




FIG.7 




FIG.10 

RELATED ART 




H ^ H # It ;t 

JAPAN PATENT OFFICE 



su g f # o » u le « $ n T i/^ ^ » S fi T le <7) ai n * ^ u le tt ^ n T 

This is to certify that the annexed is a true copy of the following application as filed 
with this Office. 

Da,*fApp,LL 2 0 0 3^ 5^1 3B 

Appn* io„*Nuler: »S 2 0 0 3 - 1 3 5 0 0 5 

(ST. 10/CJ : [JP2003-135005] 

Applicants): ^ * 'J > *#I*»«:^?± 



Commissioner, 
Japan Patent Office 




miiE## aiiE# 2003-3054288 



#M 2003-135005 



03P00430 

¥iS:i5^ 5^130 

G03B 17/00 
H04N 5/225 

31 



[tt^Xtigp;?] mMfP?*^IZiIt^^2 Tg 4 3#2-^ :t >; ^vN^x^fc^^ 
013387 



000000376 

M^.mn^^m'r^2rE a 3#2-^ 

100076233 



2i,ooon 



1 



[^JSS'tt*^*-^! 9101363 



thfiEff 2003-3054288 



2003-135005 



^-v: 2/E 



miE# 2003-3054288 



mm 2003-135005 



^3 tt fMr« ffl JIXH ^ ffilEi" ^ =^ W L T v> p > X i: , 

-^^7.y ^ t±um2<Dyt^u~/^xy ^ )]^^(Dm^<7)mzX':^x^c^± 

lit 3 ] 1 i3 J: 2 OTfc^^n -/N';;^ y ^ {i, TfCaB-effM^ 

[fs*^5] ±u%2(r>^^n-/-^xy ^ )l.^(7)m^t±^^mmit^^.(Dm 



ailE#2 003-3054288 



#M 2003-135005 



^ y ^ ^ wi- .i> n 2 (omi^m^ t , ±ifiii 2 (Dmm ^ y ^ tits c xj^^ ^ ti/j 

^ ^ tf i <!: <h 1- ^ V > XxJ^lI 4 V iJ' ^ 9 V X X A o 

[W^:S7l JcMM.\(Dm%^y'f-\t^ ^1 fxm-Q^ tomtit -f^m 

[tt^3g8l _hiB^2 01i^t: y^{±. ±fe^l <7)|ii^fcr yf-j: 

V ^ ^ <h ^ t-t^ e I BIScco U > ^ -r- ^ ;i/ ^ ^ x r- a o 

[If *S 1 0 ] mm iJ^y ^ t2ii>^i- ^ J: 9 ^ailT&^'ltiE % ft 



maEff 2 003-3054288 



#M2 00 3 - 135005 



1 3 ] ±MM> 1 i3 J; O^'^ 2 OTfc^n -7 >f ^ (i, ^i;Siff#14 ^ 

•r Ao 

^^A.X^j::bZ.t^mm.t-^hiJ ^y^:r^ o 

±MW^(Dij ^ %(^MiiW-^^it^u—^^y^y^ tc*t LT> ± 

?r # ^ T' ^ ^ C i: ^ # m ^ -r ^ 1^ V > X o 



tBSE# 2003-3054288 



#M 2003-135005 



o 

^ ^ ^ -e 4^ ^ ^ <!: ^ # m 1- ^ 5C ^ 1/ > X o 

\mim2 2] ±mmmyt^mt: ±tmmij^9mr^ tise^ti^Tfe^n 



l±5iiE#2 003-3054288 



#M 2 0 0 3- 1 3 5 0 0 5 ^- v : 5/ 

.COM i:B&|WIi:i¥$^^-r^>r<h ^ir» <!: -r ^ 2 3 fB«<7) :^ ^ .i^ 7"-^ „ 

[lf>1^^2 5] ^m-^ ^^^^T^ l>z^^ti^±m±^Tn-/^:^y ^ 

t ifWW^t-r ^m^m2 3Um<DiJ ^yyi-'TU o 

mimT-t. ■ ■ ...... ... ■ ■ 



as|iE# 2003-3054288 



# M 2003-135005 ^-vl 6/ 

it^Jg 2 8 f fi«<7)^tjS ^ ^ ^ T-V o 

±Mim V > X ^^^pftg ^ ^ ^ ^j^'t-' >r -e^ o T . ±fs^ 1 o^^^t- ^ 

:^ p< 9 '-Kt-V <h . 

[0 0 0 1] 

[0 0 0 2] 



ailiE#2 003-3054288 



#il 2003-13500 5 



[0 0 0 3] 

±fB— Bt P -7 ^ ^' ^ 7 'i^'r-V tziJ i/^Tti. ±j^<7) J: ^ H®^ if y f-T&^'M 

^Sr h tift^T-<7) Bu M {i > ±ie® ^ k: y ^ L «r W L 7t L P F tJi^' 

[0 0 0 4] 

* l>z ±.$i^m ^tifzitMi^ii ^nxm $ -ti: ^ tt 4> lb V ^ o -e <7) /i *!) 7^;^ 
[0 0 0 5] 

[0 0 0 6] 

m 9 H^i- J: d t;ttft^T-<7)JftftM 1 0 3 (DmlJ^zit^L P F 1 0 2 7i>^';^v^^i 
^i^zii. vyX\ 0 1 ^iiilLTtift'^Tlcmti, JtftMl 0 3Ji(7),6;pi icigfti" 
-1)0 i/t. lx>Xl 0 1 ^ii^lLTtzj^a^femfi. ttftMl 0 3±<7).^.P2 cigft 
-r'5>o L:^^L. Jtft*^ <7)iSft® 1 0 3<^Htr:^tC7fc^LPF 1 0 2 /{(^'BE^i tLTv> 
^m'k\Z[t^ 0 1 SrSJlL/i^'^Tt^fi. ttft® 1 0 ?> (D'ik'yj (n \ 

\z^\%-t^o ttz. vyx\ 0 1 •^mm.x^fzWimtmt. mtM \ o 3<7)i^ 

■^<7)j^.P2' iz^mi-;bo ±m^^y -r 1 0 3 <7)/p^7i?/p < ;Sr>5. t±ie#^ 
:^o|gftf2g(i. ^h\,z'ik-)5\z-rin.ho t-^^*>> ^^LPF<7))¥^<7)^vncj; 

[0 0 0 7] 



aiiiE#2 003-3054288 



#ifi 2003-135005 



10 0 0 8] 

±1 l^-^ X ^ ^ 2 L P F ^ ^ ^ 2 <7) ^ ^ ^i^'T- -2. *| 

I.O 0 0 9 ] 

(LiNbb3) 75^'iiffi$nrv>>2)o tfj. W^y^. y ^•h^^^}::^htii\^^ \z ' 
[0 0 10] 

mioti. immm=i'(r>mmm t-etitiigj^.-r^^^ 

ct d tCS^lf •y^P7&5^^< ^^^■iifL>1-^7t^LPF(7)l9<;i*.^^>??< ^oT(/^^o 
i/c. IsI-®*t°y-f-PtCigfL.-r'i>LN^^<7)/l;^^{i. Tke^HtC^^LTioi-ei/' 
5 ~ 1 /6 tcjfcorv^^o 



aifiE#2 003-3054288 



mm 2003-135005 



^-v: 9/ 



[0 0 1 1 1 
[0 0 12] 

#^:3t«i (#^¥7- 1 2 3 4 2 i^^m) i/zmTT.^fifzmi^mmii. 

\tMm. i3 J: n {i\ (7) lift it L -C ft? ftJt CO ® ftiS-^ * f^J^ 1- ^ - ii^X 

[0 0 13] 

tfz^ mnxm2 mm 2000-244321 ^<km) \i^m7Y^(omn.mm.it 

[0 0 14] 

^"bii. #lt:fi:i^3 (#11^2 5 5 2 8 5 5-^) Km^<7)mi^mm:ii. VV-U 

2 5^:^^^ 2 6 2. 5^tc LT^tjf3gL?>-f ^>6^'^L^-5> - .h^v^o X^fzii^^X, 
[0 0 15] 

\m%fxm. 1 ] 

mtf-xn. 1 (i. #r?i¥ 7- 1 2 3 4 2 1 -^^^-e^^o 

[0 0 16] 

ttlIiE#2 003-3054288 



#il 2003-135005 



^-v: 10/ 



^WXm2 #IB 2000-244821 ^^^T'^-Bo 
[0 0 17] 

#fJ=:5:M3(i. #fj=2 5 5 2 8 5 S-^-^^^o 
[0 0 18] 

tC@Ett$tL>2>7fe^L P F t LT. mm<DL-Nm^immLfzii(Dii. MLN^^ 

[0 0 19] 
[0 0 2 0] 

[0 0 2 1] 

^§tmi±. ±j^Lfzm!HZ^^X^j:^tifzi>(DX-i)^X. ^ >X^^^prtfe^rT•• 



ailiE#2 003-3054288 



Wm 2003-135005 



^-v: 11/ 



[0 0 2 2] 

^§tm<Dm^m i t^m.<^ > x^^^ pts^ ^ x > ^ ^ ^ v >^ a , h& ? 
<D^itm± n ^ (t ^ ft® vf ft ^m^-t ^mt^^^ Lx\^^ > X t . ± 

[0 0 2 31 

^^m<7)in^m 2 is^co v > pitg 4- 7" v ^> v x f- a ti . w Jitig 

[0 0 2 4] 

2lfimoP^X^J^prH^^x'v^;i/:*^ -7 v;^xAtii3\/^-C. ±|E|| 1 ioiD^^^ 
[0 0 2 5] 

[0 0 2 6] 

l|efc<7)l/>XicJ^oTtg^x*v3^;i':^^ ^vXT^AlCioV^T, ±fBI|2<7)^^n 



miiE# 2003-3054288 



#M 2003-135005 



^-v: 12/ 



[0 0 2 7] 

^^m<Dm^^ 6 fE«c<7) 1/ > pTtg>5r t"' v ^ ^l^ ^ 7 v ;^ x A <i . ^ 1 O 

•mmm^^mm t ^ ^ <t ^ ^^jemh^ l r v> ^ > x <b , ±123^1^ u > 
X BTtgr-ab . ±fs^ 1 <7)®^ kf y ^ ^ ^ ^ 2 <7)® m tr y ^ ^ ^i- 

^^2c7)ttft*T-<h. ±iSll2 0iffl*t: •y^t;)Si:-r-^^$ti7^jI¥<^^*L. ± 
^^Ix >X^^^ L/c^-^ti^ ±fB^ 1 <7)7t^n - yx-;^ 7 ^ ;u ^ t ±IB|| 2 <7)^ 
i3 It ^ ftffiv« ft ^ ffllE-r ^ /c Ai) <0lif»7fe^^. t*:tLT^^^2co:^;^^ 
[0 0 2 81. 

[0 0 2 9] 

^^mmn^m s ib«<7) u > x^m nrii^- -r* v ;i' y< ^ v t- a ti, m^m 

6 iefcCO V > Xxl^ "I tb v ;W :^ y< 9 7. X A H ib^ T . _LfiS^ 2 ct)]®^ tf 
[0 0 3 0] 

^ll§go|fAlc]^9fB«<7)l^>''x^|^pTB^>tT-*v^;i':*y< ^'>XxA{i. 

6 fB«(7) V > X^^ pftg V ^S' ;w :^ ^ ^ V >^ -r A is T . _Lf B^ 2 (Dm^M 

[0 0 3 1] 

miE#2 003-3054288 



#M 2003-135005 



^-'>': 13/ 



[0 0 3 2 J 

^ o 

[0 0 3 3] 

^ J: 9 t;im^tL-Cv^<i>xmix>Xi:, ifSx^I^^X^^^pTtg-e^oT. Ji 
fan 1 <Dit^u -/^j^y ^ )\,^ X ^ ii m^^m 2 <7)7t^n -7 ;v ^ ^ . ±IB 

[0 0 3 4] 

-^mnm^im. 1 3 uwL<r> v > xxmnrtg^ t-*v ? ^ ^ v x ^ a ti. m^ic 

[0 0 3 5] 

istt ^ ititzmtmi- 1 itmm \^ y 'j-iimti:hm.i^m=f' t . w^^itmp^ ^z%m h ti 



aiiiE# 2003-3054288 



#il 2003-135005 



^-v: 14/ 



[0 0 3 6] 

i^i/>x-e^oT. ±ifi:^^ ^^-KT'-f <7)-r't7> hm^i^^'k-t^iyyxm-^'yy h 

. ±fetiftM :fo tt ^ aH^^^ftii 1 4' ^ J: o ^ n T V ^ ^ ttt^^^^^ ^ ^ 
[0 0 3 7] 

[0 0 3 8] 

[0 0 3 9] 

^mMmmm i 8 603cJ^l>>X{i, lff*]gl 5fBm<7)^^ix>XtCi3V>T. 
[0 0^4 0] 

^ ^ T-V ^d" L T . ±f ettftM H It ijX^Ti/^^ftil <h ^ ^ J: 9 ^ n T 

[0 0 4 1] 



tatiE^ 2003-3054288 



2003-135005 



^-v: 15/ 



[0 0 4 2] 

T- (7) ral t; SB $ ^ Mft^^m <h ^ W L T ^ ^ o 
(0 0 4 31 

-^l^mmnim. 2 2 fsa<7) * ^ -7 ^i^'T'^r fi. 2 1 tm.<7) iJ ^'T^ \z 

[0 0 4 4] 

^l§^<7)|f 2 3 IB«<7) :^ ^ 9 .i^'r-v {i. If 2 1 fe«<7) * ^ ^ .l^'r-V 
:fev^T. ^Jj^'-rV fi. MtC±fS^mL->X^^ffl-T'> > hg|S<b±feJtft 

[0 0 4 5] 

^HH^cofS*:^ 2 4 lem^o p< ^ 4^"t-V {±. If ^It:^ 2 3 IfifcO :^ p( ^ --J^'t-V \z 
[0 0 4 6] 

^^mfom^^ 2 5 iE^<7) ^ ^ -f (i. If 2 3 UWL<D iJ y ^'"T ^ K 

^ "y^r^ \<zw.^fthit^u~j^xy ^ )V9 tm^j: ^m^ i^-T ho 
[0 0 4 7] 



aiiiE#2 0 0 3- 3054288 



mm 2003-135005 



^-v: 16/ 



[0 0 4 81 
[0 0 4 9] 

;^^^ftiit^^o - 

[0 0 5 01 

^^mmm^m 2 9 IE«C0*m,^7 ^ ^ .-i^ T-'-f (i. If Jl^Jg 2 8 lfim<7)*m* ^ ^ 
[0 0 5 1 1 
[0 0 5 21 



\^MM2 003-3054288 



#M 2003-135005 



[0 0 5 3] 

^mm^kmi (A) , (B) ^fflv^TU^^i--i,o mi (A) , (B) fi. 

^§tm<om 1 <o||»^tg<7)T-* V ^;v:^^^v;^7"A ^It^-r ^ij ^^f" ^ isx 

^^-rHI-e^) 19 . mi (A) (i. <!:^J^lx>Xt<7)a<?^>g-;b-^ 
^:'cEI=lr^L. Ell (B) {i. ^ 7 jJ^'t-V ii^J^lx >Xi: <om<J^'^:b-ti:;|:^t 

[0 0 5 4] 

^^Wm-.<^T-'^^'^;v*^ ^ mi (A) , (B) tr^i-T-*v^;i/ 

[0 0 5 5] 

T-'v^;^:* ^ ^ 1 (i. ^i:^:^^ ■y^i^r^V T'*^^ 1 (Dt) ^y^^T^ 1 1 A<h. 
*M^Hg^^m^>X,?: tro^i^W^X^M 1 2 i:7&-<b=^^o 
[0 0 5 6] 

^ ^ ^ 2 fi. ^ ^ .-Kr-V -e^)^ ^ 2(Dii ^i^r-V 1 1 B -h 

. ^ 1 co;^^ ^.-J^x^ 1 1 Atc^«$*L^ ^co<h^jlfl:;^(7)^MpTHg4-^c^^> 

[0 0 5 7] 

|I1(7):^^7>^'t-V 1 1 A(iv Um-ff^xe^^-t^CCD (tfzii. CMO 

sMitft*^) ^^^'b^^^i^oiift0T-e^^ttftmT-5 A^. mim^mm 



aiiE#2 003-3054288 



Wm 2003-135005 



•^^ hgi5 3 ^^LTv^^o EiJ-^. y xm-7 'y > hU4 tij?i ^m-7'yyhU3 

[0 0 5 8] 
[0 0 5 91 

ii'^Xi^t^o -etr. ^^LPF8A{±. :^''7XtW^m-'<Dm^(7)miff^i^ 
[0 0 6 0] 

>^607t^L P F 8 A{i. iJ^ym-7'y> VU3 tim^^ 5 A t<Dmiizmm^ 

F\.z\tmLxmii>W^^W-^^mir^o 
[0 0 6 1] 

^<^^^UyXmmi 2(±. ^ 1 CO ^ ^ ^ .i^ T-V 1 lA. tfzli. ^2<nij^^ 

V > X^X~ A u > n p > X^olti^<7)^cJ& P > X 

[0 0 6 2] 

^^W^X^Ml 2<7)t6f^^^^l 2 a(i, p< 9 ;}^'T''f 1 1 AH 



mtm 2003-3054288 



# M 2003-135005 



^- V : 19/ 



mm L/c4^StCT. l^¥#^m75^7fc^L P F 8 A ^itii L. m^m^ 5 A<7)ttft 
®5 Aa±ti^ft-r'2>7&^ Tt^L P F 8 A<7)jStW<hI¥<^^(3a:^^l^S<7)^'rb ( 

mi^im'^zmt) Ltzmmx-\tmmMm^^\i^^ t f£<mtm s a a ±nig 

PI ' tmmim\iZi.hf^i^^^Y*2 ' 7&^'i:^tcJift^T-5AOttftM5Aa±tc 
[0 0 6 31 

^2 (7);^^ 9 1 lB(i, 6 ^^i-<i)CCD (MOSMtftft^ 

T-) ^5^^'b^a^2oiifa*T-e^>^>tsft*^5Bt. mn.m=^wim\>ztm^n 

^ ^ 2 "<^^^ n -/N->?. -7 >f X-^ h it^ L P F 8 B i5 ct t/^MftTfc^mt: ^ M 

^fPJJ-r-^ > hMS a "km^fz^ 1 O ^ v t"" -f 1 1 At^m<Dij ^ ^ffliJ-T-^ > 
hS3 ^^i-L-Ci/^^o ' 
[0 0 6 4] 

jift^T 5 B (i. ^mwi^Mi- 5 At mm<^ 4/3 m(^w\^mi'X^z> s 
^ o ^ (omi^m^ 5 B (Dmiimx^ ^ ytmmt^m 5 b a _htc^§ft l 7t^^#:ft 

[0 0 6 5J 

7t^LPF8B(i. tIc^L P F 8 A J: f5li</^-7 ^ ;i^iJ'-e^oT. ftf«T-5B 
[0 0 6 6] 

nmit^m^9i±^ ^iBiff#tt^^L-Cv>;^v^7&^'^#L P F 8 A tlB&l^ CM^ 
m^^-rhif^7.-i}^h^j:hit^Ut>SX^^^ ^2<7)^^LPF 8 Bc^*L-ra 

5 B<7)^m^mM 5 B a i)^h-ri\-h CI <!: ^ < . ftM?f ffliRM^'^i67ti|XM7&^^ C 
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fDT&^'^^L P F 8 A L < J; 0 tL^o 

[0 0 6 71 

L tz^WL '^^Wii'M<OTi/ rJ' :^ ^ ^ v ;^ X A tc is r (i , t 

^(Dmmmm^y^so i:mi-^mim'i^5 Amm^ti^o ^^vyx-b-ho^ 

Tfc^ L P F 8 A xmrnfi ^ tLTitft^?- 5 A <7)ttft^^mM 5 A a 
. [0 0 6 8] 

%it^^\t^ M{S7fc^^T-9 ^iii§L> 7l6^LPF8BT-^tjggiffLT^ftm^^5B 

Wmmj- 5 B OJtft^mM 5 B a -hic|simi;ftMr«ftJ|XI|y6^^^v^t/t.^,'eiE 
[0 0 6 91 - 

i*iM^t;ov^T. H12 , s^m^^xmrn-^^o 

^ o 

[0 0 7 0] 

T-*v^;i':^^ 7 1 . t/iti. 2 (±. -e^KetL^-Sft^jt^jliO^J^^yX^M 1 
2 <>: . ^<D^m > 1 2 Bltg-e* -5, ^ ^ .-J^r-' ^X^^h^KD 

iJ^'7^'r-'^ 1 lA. i7t:{i, ^mm-^ ^ y ^'r ■< X$)^m 2 <D:f3 ^ y t^T ^ 1 



ailE#2 003-3054288 



!Wm 2003-135005 



^-v: 21/ 



[0 0 7 1] 

^ 1 (Dti ^y7)r^r-'^ 1 1 A<!: 1 2 A 1*1^^ tL^jtft-^-- > h <7)iift^iF 

[0 0 7 2] 

[0 0 7 3] 

^ ^tPS. i>-^tso mWirti mmm^^^ l 2 a {iiftft HU M @£ ^ ^ Tfc^ 
L P F ^ #S L ;^c±t:\ ^ -2) J; d t^tSft" ^ tLT ^ o 

[0 0 7 4] 

^^^4^~-rV 1 1 A, 11 B(i. ^#§15 1 1 aI*lS|5tc^fI(7)|t^gr,;t>i-^^^£ 

>&cfc9C4^-7'^iilJ-e'>>h*|53^'e-<7)^MtC#x.Tm^:^tL/;.. i/^:bt9>^ T^BI 
^■7 P y ^5';^:^^J <Dij ^ yyi-^T'^ X$)^o 19. :^7^ ^^fi^igpi l a OfJ® 
tilJ(7)B&4^^g|5tl{i, tt^ftt^^^fg^ ^ 1 1 a Or*3^^<hS^^#-2,p;f 

> h g|5 3 ^ ^ o 

[0 0 7 5] 

J':jit. ^1, 2(Drv'9 yi^^^r^ \ \ A, i i Bog^ii^i*!^ 

ttlliE#2 003-3054288 
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[0 0 7 6] 

*Sit*?-^^tpttft^->y h 1 5A (mi(7)iJ ^'7:i-^r^ m) ^^^^iil 5B ( 
^2 0*^^^i^^T-Vffl) <h.iif«^-5A, t7t:(i. 5 B C J: TO# L7t:®ftfH 

B (^2<7):^p<9'i^T-vffl) iti^ibt-t;bmwc<omm&^m^. ^tirtLm^a 

gi^seiS:$tLTv>^o i^^vT. jtft^^ y ^ 1 As i sb 5oiifMt;mtft0^-<7) 

[0 0 7 7] 

:7 T 4 > rmm 1 3 mmyt^^. 1 2 a L7t=^##:^m<7)7feiii^w 

3 hi)-h\i^^^-t^±-^^^{1rXsE±^m,^l{m-r^^y9y°^)XA 1 3 a .h. C 

(7)^>^-7°.;xA 1 3 a^ifhtr. ^^m^^ijL^Lxmm^ ^mmu > X 1 3 

[0 0 7 8] 
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[0 0 7 9] 

mKmm 1 3 b mm^it^^. 1 2 a <7)^g§;6^f>iiiii-^pjf^fistz#s!ii-^ i ^, 

[0 0 8 0] 
[0 0 8 1] 

Hi . t H 2 co;^ ^ ^ ^-J^T^V h 1 5 A t 1 5 B 

-r> mi<7)i3 ^ y^r^ mx-$>^im^^^y h 1 5 Atcov^rUi^i-^o 
[0 0 8 21 

^ tL/^^ii^tfD L/^®ftM-^*t#'2) c c Dmt- h ^ ^mnm^ 5 a <h . ^ <^iftft 

^^5 A^@^5:J#-t^^«t'c<?)gp*t75-'^'^^Jtft^T-SS«2 8i:. Jtft^T- 
5 Aco^m'^mMOMClei^^jK. Jti^^t^,^ 1 2 a LTBBI^^ n^M^ 

#:3fe^^^'bi^Mlr^^53^^l3^!9l^<^< ffM$ti^7t^^T--r~^;&7t^L P F 8 A 
C<7)7t;¥^LPF8A^iSftm^'5At<?)rBl<7)jg|tg|5ii@ea$n. H&#5fm<7) 
WttSP+^^t; J: o Tff^^ ^ o -7 ^' ;u $ltg|5*t 2 6 t . *tft*^^ 5 A 

=^1131^ L@^i^#.i-^ t*H*^L P F 8 A^^<7)ji^t|5f47!;S'eoia^g|5f5tc 
mm LX^WL7^^^mm(DUH'^^ikmir ^Pimy ^ ;w^$ttfW2 3 tc^t;^)!* 
i-^J:^ iC@dI£$tL^i6ft«i^TO^-;^gP*t2 4 mr. CCD'r-y^2 a t 
v^9) i:. COCCD^J^-y?. 2 4<7)^Mffigtziee$ttKJK:7^;i/^ 2 1 ^-eo^ 

mm-iLT3^^<r>'i&^mtL\z^'mLx%n'r^mmy ^ )i'^^im^2 3 ceo 

h^Xit^h P F 8 A<0HuM1SlJt^:fov^-ca^7fc^L P F 8 A <h <7)rB^tCp;f^<7)r^|5i 
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^-y] 24/ 



[0 0 8 3] 

*iftm?-5A(i. tS^^^,^.l 2 a ^ML/;^¥#*5K*ge<7)^«^^^^M 

5Aa (01 (A) ) tc$ttT^m^m.Ma^^f=^d Cutlet 0. m%imm.^ 

4/31i'e0 1 OS^fc: y-^i: LT<7)^i^iii^tr >^<J0 7&^'H& 7 // mT'^b'Smi^ 
IS'^*^ (Charge Coupled Device) ^7&^'iiffl ^ tL>g>o 
[0 0 8 4] 

^Otftft^T S A(i. lftft#T-iaS«2 8 *ihL-C±|lIj^^>|Sl 6A±<7)F;f^ 
[0 0 8 5] 

- <7)tSft*T 5 A <7) J^M O HU :^ fSli 
[0 0 8 6] 

YU^\z.^m^^tzvyxm!m\ 2o:>nu\z%n^^hm.^^it^^ \ 2 anj;o 

A;^^'i>|#'bn/jffiftffi-^^faiit;®-^1-'i>ffm-><7)M-tt^^^J^-t^M^ ^ 

^ o 

[0 0 8 7] 
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F 8 A75^'@£IS$;h,Tv^^o Tfe^LPFSAti, mmtmi^i^t ^^^mirX'$> 

[0 0 8 8] 

-E-LT. 3fc*L PF 8 A^Sd cfc d t^CCD'^-y?. 2 4 7i»TO5:^tlTV^^o C 
<7)CCD^-;^2 4H(i. l8&ft^^a5^{C^E?F:^;|:/t^^ib4^r^P;6^15tt'^>tLTiD^). 

^ o fjfl □ (± . ^(DWiM i)^ h it^ L p F 8 A wftmi=- 5 A miw ^^^i. 

[0 0 8 9] 

LTt: J: 0 tc, Tfc^L P F 8 A<hiift^^5 A-hOPemti, 5f ISfP*!-^;^)^^ 

nm^2 6{i> itft^T-5 A<7)t(rSffl!I<7)j^^fPt3:j5V^-C-e-07fcm^^M<7);^^|g 

H?rittt'2)fiM^3Sef^$tL. /^^o^^^L P F 8 A<7)^#MisiJ<7)j^|tS|5ifi{f ^;^^i- 
^ J: ^ tc^ o T v^-?>o -eUT. ^^LPF 8 Atiftft^T-5 AtOFHl^ia&^^14 
TS^i^^t^n^ct d CtLlciJ)^ ^^LPF8A(C(i, n-/N"j^-7^ 

)v ^ ^nmu 2 6 J: ;s im-iin^<Dmn.mm < ^ 2: ^ p 

[0 0 9 0] 

\iZMLx^%'mmzmw^^^^x^ \zwM-r^^tx^ ^^^^lpf s A^-e 
ijLLxmmit^L p F 8 A(Dytm-^i^i<zidif;biim^m.mir^ x^i^z tx^^^^bo 

[0 0 9 1 ] 

^s-t-tL{i\ ccD^->;2 4(Dmn<Dp^mzwmmx y)nx^fifzit^LP 

F8A{±, ^U2 4 al,ZX^X±mij\^l/ZiSi1r;hiim:Mm:^^^j:^tiX\^^^o -tL 
liZ^y), ^^7fc^LPF8 Afi. CCD^-;^ 2 4 (7)rtg|5>i>^ibH«MlliJ^f6]ttT^i> 
SI5t;i^ttai>^v^ J: -9 n^oTu^^o 
[0 0 9 2] 
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i 

z(DX d tcLT. ccD'y-^ 2 4 <Dmn(D\HMizwmm^^hit^L p f s a 

nX^tifz'i^. ^^LPF8AW®ffliJt::{±x Slft^i^ 5 A gei^ ^ ti ^ J: d ^ o 
Ti/^^o ^<7)^^t3i3V^T> Tfc^LPF 8 Atift*^-5 A(7)rBlH(i. 

[0 0 9 3] 

mi en^^^tLTv^^o -etr, ttft^T-aais 2 sti. ccd'>--x2 40 

WffiffiijTi^^^^ v?L2 4 e 8 b liJ: o -c:^^--it 2 8 a ^i^LTH 

c ^^Lr^-v 1 6 dm:oT@^^tt-CV^>2,o 
[0 0 9 4] 

CCD^-7> 2 4c7)tuffltiJt;(i. RSJfi7 ^ ;u^^ttfP*t2 St&^XCD'^-x 2 
4(^;t^v?L2 4 bH*tL-r^^v2 3 b J: oTH^$tLTv>^o CCD^-;^2 
4<7)jg^ii|T-*o-CHtfMfiiJ<^^^<7)fietc{±, ji?t2 4 d75^B&3^4^tiffM^tLr 

v^^o -e<7)— :^-e. ^ ;v^$ttW2 a <7)jsitiBijTaboTWMffl<7)F;f^«o 

fiet;{i. CCD^-;^.2 4<7)mm2 4 dt;*d-JS$-<i:7^c3g^:^i£ig|5 2 3 dTi^^^/^tc 
i^fz-:^xmm^izfm^fiX\^^:ho \^fzi)^':^X. W(k^U2 3 d tmm2 4 d t . 
T&^^M-^-r >r J: C C D - X 2 4 t RSM -7 ^ ;v ^ltg|5# 2 3 t {± 
OfTO. fiP*.MI?#2 4 d i:;S^;ti£hglS2 3 d i:7&^'ff^fiK^ tL-2>II«i;^v^T^BStciB& 
tcfj-g-f 'i) i 9 o r V ^ -5) o 
[0 0 9 5] 

LTi5 . >i(7)^^^gi57{,>^^L p F 8 AmmnHzpjx^<7)mmiW'^xnmm 

^tlX\^^^i>(DX$>^o 
[0 0 9 6] 
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[0 0 9 7] 

-et-C. IS^JS^-f ;i/i5' 2 1 (i. l?*J6-7'r;w^^ltW2 3lc*tLT^^atJt3^ 
^-r^ct d l3;K{^;la^<05f^#:7&^«b4^^ff£Em>t2 0 J; oT@^i^#$ tiTv^ 

[0 0 9 8] 
- [0 0 9 9] 

z<Dma<Dmmwi. mmmiiz^iii-t^mu2 3 e-/)^m^izf^^^fixi^^ 

. Z<7)mU2 3 eco^l^mizii^ ^hliZmMmi<z\aHfxmim-^Xol<Z'§:if^2 
3 c ^^f^J&^itiX\^^^o 
[61001 

-ij. mmy'<)'i^^^nuu2 3'<Dmmm<DnmmumKii. m^<DWW:i<zm 
m i^mm'ffm.xii^'mpjf) <Dm^it^2 3 a^^mmmi^z^tiifxmti^ir^x^izm 
m^itx\^^^o ^<Dm^t^2 3 aii. wmy ^ 2 1 ^m^m^t^ns-UU 

2 o^mm-t^fztbiizMm^n^mix^^x. mmn&uu2 on. m^U2 

3 a<D^mmznLXit3iC2 0 am(Dwm^mzx ^mm^nx^^^ho 

[0 1 0 1 1 

nf±m^2 on. ±^Lfzx^{zm£i^m<D^^\^mzji'oxmm^n^mix 
*)oT. ^<7)mmm>-^^m^m>2 3 atcs^^n. ^m!^U:^mmy ^ 2 i<d 
nmmmzmmir^ztx. mmmmy^)^^2 1 *R^jtt-7'r;u^^itsi5*t2 3 

[0102] 
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xztuzx y). mmy ^ )\^^ 2 1 ti. jEm^i^2 2 ^^Lxwmy ^ 

U2 3 t;^ftL-cM^-Wi::^'a-r'l» i d t;H^^^#$^xTi/^.i>o 
[0103]. 

RSJg^'f ;i/^^lt^*t2 3(i. IfM^t 2 0 JiJ: J: o 

r|5:5JS-7'f 2 l tf±mmi-2 2 ^i^L-C^^>e^^c^-g-r^ i ^ t::tM^tLT 

10 10 4] 

. mm2 4 d tW^it&^2 3 d t75^~ffi5:t;ia&^^6^ntR'^i-^ J: ^ c^^oTv^^ 
cotPiaf ti, |5:5jg-7 ^ ;w^$ttW2 3 tmmy ^ 2 i tkt^ ifffi^^t 2 o 
<^#^:^tcj: 0Eb«mT-2 2 ^^LT^^e^(l^^-r>5 J: 9 ti't oTi/^;So t/i 
. CCD^-X2 4tlgei5$tL>6^^LPF8A(i, P F 8 AOh^MIIIJ^t) 

M'^UtCCTi'r-T^ 2 4(7)^2 4 a }i(Df^X^%-^^'i t ^£ ^ X ^ ^zWM^fi 
X\^\^o ^hl<z^ tIc^L P F 8 A<7)WMlPJJl^fi. Mi^M^ 5 A:^-u ~7^:7.y ^ )V 
^^TO*t2 6 ^i^hL-Cie^^nrisfr). 7lc:^LPF8Ai:Jtft^T-5At<7)rHT 

tz V ^ T ^> . m^^-n^mn ^ n ^ ^ o -c V ^ ;6 o 

[0 10 5] 

m. m-tbccD^-^ 2 4 tmmy ^ )V9^\im^2 3 tmmy^)\^^ 2 1 tiz 

ioT. ^m^5 1 b75^^fM^:h.TV^^o -<0^rBl$R5 1 b(i. Tfc^LPFSA 

<7)miiji3^j9 ttii-j: 9 i>z Lxnm^tix\^^^m±^tifz^mx^^o 

[0 10 6] 

tTt. i<7)^FBllH5 5 1 bti. ^Pf.t|5 5 1 a J: «9 ^)t2;v>^FBl t '^-l) J: d 
fiX\^^^o ^tX. ^P»5 1 at^rBl^5 1 h t:/}^h^^^^mii. ±itLfj$P 

< ccD'^->^2 4 tmmy ^ )^^^i^fuu2 3 tm&y -i)^^ 2 1 tit^LF 
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[0 10 7] 
[0 10 8] 
[0 10 9] 

tI&^l p F 8 A{±. iu:^liij7j>^^^imif:^|fi]7j^'- 4 5° <7)7Kb^h«8 a m^m 

M:^'v;^8 b ^jSt»f:^ffij75^+ 4 5° <7):j^^Bm8 c «i|gilf 0 ° <7) 
[0 110] 

TfCa^^Sa, 8c(i, ^^-etiBIl 0tc^$tL^tftft^^5 AfOM^e ( 

b<7)jp^(7),r 2l§col¥$^^o-CV^^o la&oT. ^t^lyyX^m 1 2 =^^LTA 
*f L7t:|^^#^m;6^iift^^ 5 A<7)7t«^M 5 A a ti|gft Lfc <!: ^ . ^ T KT) 

[0 111] 

LTv tKb^h^ 8 a , 8 c , 8 d is X Z^^^^^mU^'' y 7. 8 h i±\ ^ii^nify 

M^ A2Li3^^w^ib^n.x\^^ho vt^x. ^^>xmml 2 izx ^^y)ii,ttitz^' 
¥#7i&m«i. immmum<D v^^r-itft^?- 5 a (Ditm^mm 5 a a ±i3iE 

=S:fflv^Tv^^o t^oTSl(^:^p« -^^i^'r-V tm2 (Dij ^ ^ ^t^T^ tX\ Um^^'y 
[0112] 

um-ff y y^e> id xxf^my ^ 2 KDW^RxftfzitM^^^ I <r>ij 

ailiE# 2003-3054288 



mm 2003-135005 



>«7'-kt^v tm2<Dij tx-mwi-^m^ii. ^(D^WizWom^it^ 

[0 113] 

mLfzXoliZmif^^^'y h 1 5A<7)JtftmT-5A^^^LPF8AH'ftx.Tttft 

^- -7 h 1 5 B (Dimtm^ sBtTfc^LPFSBioj: zr'mm±^^.x^^ mmit 
^mj'9-f)m^^tfi^o iiii(omM. m—xi>^o men, ^2(Dij ^ 
1 1 Biizmf^mi^^^y h 1 5B<Di!i:±mmmmx$>^o 

[0 114] 

ithiy^SO (H&7//m) ^ 2 <7)li^ t: -y ^-e^)-5>ii|*k: y ^ ^ 1 '^^ 

•T'So 'e<7)itft^?-5 BO^m^^tfe® 5 B a (Ell (B) ) O-r-^ > hM 3 a 

*ti-^*B*d-fi«(±. i6ftmT-5 A<7)^mE^mffi5 Aa (mi (A) ) tm—mm 

[0 11 51 

miJx-f ^^<m^ t si^wL'ro^^ (Hie) V cio^fc^L ? f 8 sti. tKb^. i 

[0 116] 

ffi1t^^mT-9(i. 7t^LPF8B7!>^^ff<i^tsOJ; «9 ^v^j?^ t sHc^'fk L;^z ^ 

iitci^iij^^j^fto^'fb^^iifi-r^i?.;^^ t ii=^^LTv^^ (lie) o -r=tt> 

t ili: ^JPx.7t:l?^^^3t^L P F 8 AcDW^ tSOiZ~^-t^ X n m^^^nris 
Tfc^LPF SBC^^^^^JtlTH^^tiTv^^o 
[0 117] 

L/i/ii^^oT. Jift^- y h 1 5 Bt;i3V^T^xi^lx>XMM 1 2^^LT1X«) 
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[0 118] 

e-y^SO O 7 /u m J: 0 /h-e* -T 4^ :b *> , Jiftm?- 5 B (Dmm^^mi^ 

^T5 AOlB^mJ: ^ 2 <7):^ ^ ^'i^r'-f 1 1B<7)^^LPF8 

BfiTKa^B^fcL. -ecOJ?;^ tsKi. ^^LPF8A<7)iy.j^tsOJ: •5^<4^^ (HI 

10) o tfz. mmit^mi^9 a. it^LPv 8B:^m<^£^^t}<zx^mmt 

[0 119] 

^ 2 O :^ p< ^ '7" 1 1 B OJtft^T- 5 B (7)®* \dy^8l i)mmm\^ 
fzt>\zit^h P F 8 B LTLN^T-^iiffli-^o L N^^<^/?«^^ t slti, 

±fe®*ii'u'^;^^^:^i <tj:r>fzz.t\zn]Bvx^(Dm.m^nm^i}-hm\0K7r^^ 

tihi.n\>zm>shXM<^j:^o ^<^W-^^±. 0. 1 mmi^±i:4^<7)tri^f^ 

"5lt^-e^)^o -etr. LN^^T&^e^-aTfe^L P F 8 Bcoii< 4o/c5^<7)i¥c;^A t 
il?:^o:^rv;^«<7)|ift^^*^-9^^^LPF8BH^^#Sn-t-^ (iSL. ± 
tm^it^m^ 9 <r>W^ tint, m^tcti. LN^^^7K^t<7)iggj;f^<7)jgv^=^ 
#«LT?fe^i-^'j^>^75^^^^) o c:tLm:o-cl6f«^5 A tpj-fign^aift 
ftm^ 5 B OTtm^mM 5 B a (Ell (B) ) ±lc^¥#^^m^]E L < ISft $-lir 
>2).l^:75»5't^§^o 4i3. ^ 1 <7):^7^ ^'-Kt'^' 1 1 A<7)^^L P F 8 A<7)/?;^(±, 
^2(Dij 1 1 B^<7)^fe<7)^^^i^<7):tr^ -^^-Kt-V lia^iittL^Tfc^L 

P F tc^t L T t o t ^ )?<^7j)Wv^ ^ <7) ^Sr -2) o 
[0 12 0] 

±.^LfzX.n \,z:/f^mmMm<D t-'V 9 :^ y 7.7- l^\,Z Js. wmWii^m^ 
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fSLTlI/Stif $tL^-<< . /lc;^<7)^^^7t^L P F 8 A. ^T^cti. SBTi^iiffl^ 
tL^Mft-r^7tA6US2<0:^7p<^'-KT''fffli|lc(±. Mlt^^^i^9*#A-t'&o « 

[0 1 2 1 1 

tfz. m2(Dij ^yyt'r^ 1 lBm<7)mm±^m^9ii. ^^LPFSBtJ?^ 
5 At^2<7)ij y yt^T^ 1 1 BcOJtft^- y h 1 5 B t(DiJ ^ ^yi^T^ |*I-e<7) 

[0 12 2] 

\,zii\.i hWW.^^ y h l ^ Ccn>m.'kMWmmxh^o EI8(±. ^TV ^ 
[0 12 31 

XX$)^m2(7)^mi^y^mM 1 2 <h^m^^ ^-i^T-V T*)'2>0 l <Dij^yyi-^T 
^ 1 1 Cti)-hi'j:^TV9)Vij ;^^t. ^m^^X^Ml 2 ^#^2$:^ ^ ^ ''Kt' 
'fT'^b'2>ll2<7):*^9;KT''f 1 1 D^:75^^=&^•r*v^;^:^p<^^*-^^T'J&^9> 
X^l^^X^Ml 2(i, <7)>tl:;|t(7)^(O;6^~±f£0 1 7 4^"t-V 1 1 C. t 

fzit. m2<Dti ^"y^^r^ 1 1 Dtc*JJanTBg<!:t-'2)o 
[0 12 4] 
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J|ftJxr.y h 1 5A<^^^LPF8 AJiH^t-ti. TO<7)itfiS(:^^ LTU^^o tfz. 
m2(DiJ ^^^'r^ 1 1 D(i. m2(Dij ^y^'f-'^ 1 1 B tcit Lri*lj^$n^tt 

ftjx^ y h 1 5 B <D^^ L p F 8 B i z/MfS^ic^^T- 9 mu±. mm(^mf& ^ 

^ H O V ^ T <7) -f -2) o 

[0 12 51 

^y:^^r^ 1 1 c<^tift-3---> h 1 5 c{i. mmmm^y^so (b& 

7;rim) ^^-r^Jtft*?-5 A*rti^LTi3«9. -€-(7)HuMiiytC^i^L P F 8 C t . 
[0 12 6] 

Tfe^LPF 8-C(±, _h^L;t:^^L P F 8 A^[sI1tnm@Mf14^Wi-^7KH^H 

mm^y'^dO iznjBLfzm^^^tk^^ti^ (miO) o ^O^^LPF8C(i 

L P F H^^f LT ^> o t ^)¥<^75Wv^ ^ <7) .h 
[0 12 7] 

[0 12 8] 

mm^tifz^i^uyxmmi 2 ^^LxM^&tntz^^i^i^mi. mmify 

X2 1, mViJy Vy^)V9?,T>, 7t^LPF8C, IS^^^f^ X 6 LTli 

ft«^5 Ac07tm^mM5 A a (Hi (A) ) _h^;|g^ti-^75)^ ^(^Ttm^^^ffi 

[0 12 9] 

— ^2 O:^^ 1 lD(Dm^^^y h 1 5D(i. *i¥®*tf-7^,5 

0 t^^^®^li°-;/^^l ^Wi-^#f«^-5 B^|*I^LTi3 0. -?-<^f)MffliJti 
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8 F <h ^mm ^ nrv^^o ^is. mi^m^ 5 b (Ditm^mm s b a (i. mi^m^ 

[0 1 3 01 

Tt^L P F 8 Eti. ±mLfzit^L P F 8 C tmmizmmm^i^^^ LX is i) 
[0131] 

mir^m^ti3l^zmm^flX\^^ho ■t^j:t)-lb. Tfc^L P F 8 E;^)^^7t^L P F 8 C 
J: 'Om<^j:'ofz^'{^^fzlfm^\-ij y hy ^ 8 D<7)m^im'^ LX is ^ . 
ijy Vy ^ 8 Ytlft^L P F 8 Et<Dm^<7)m t i3+ t s3:^mmJ y hy^ 
8Dtit^LPF 8Ct<Dm^<omt i2+ ts2ta^mL<^j:^Xdlzn^^ 

fixi^^o i^oT. ^^u>xmmi 2^^\'Lxm^&tfifzm'w^it^ii^ >r 

<7)^2 (7);^ ^ 9.1^'7"V 1 1 DiZis\^^Xi>mM:^'yy^2 1 , 55^^:^ h y 4 )V 9 8 
F. 7i&^LPF8E, 6 ^itiiLTtift^T-5 B<7)^«^J^M5 B a 

(HI (B) ) ±^z^t®^«ll<7)^l:^v^;yc^T^M^tt- 
[0 1 3 2] 

V^t. ^ 2 O :^ ^ ^ .i^ 1 1 Dtcigffl^n^iftft^^5 BOS^li yf^<J 1 

PF 8E<Dm^ts3iim<^^. ^^i-* y h 7^ 8 FO/?<^ t i3{i> ^<D^ 
l¥<^^o i/^. 112 O:^ ^.-Kt-V 1 1 Dtcilffl$a-2)ftft^i^5 B<7)®^t: 

tc^^LPF 8 Ei: LT/p^<7)?iv^LN^i=-^iifflL. -^Ol?;^ t sSfi. ^f^oT 
Hg^lEHO^^T**^ (0. lmmJ^JL±) o ^^^J y h y ^ 8 F (DW^ t i3 

ii..^<D^. m<m^^ti^ (11 ±mmmj y h y ^ ^ 8 F (om^ t i3ii 

o l^&oT. ^^1^:^ -7 h ^J' 8 F tTfe^^L P F 8 E i:<^Jl.J5^0fafii8&^*>^-r 
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, JtftJL^ y h 1 5D<D^m:^^-^i>m^^- y V 1 5 C<h|B]— t^j^o 

. mi<7)iJ ^^^'T^ 1 1 C<7)^^L P F 8 C<7)l¥^(i. II 2 O:^ p( 7 /^'-rV 1 

[0 13 31 

ff^iH«^tt-^<b p)«<7)?:t):i:^^ L. 1 (7):^ ^ ^ .i^T-v 1 1 c ct mmm 

[0 13 4] 

tfz^ :^mmfi'BJZio\^^X iiWi^^- y h 1 5 C, 1 5 D<7)p^ ^ ^^i^r-V 1^(7) 

o 

[0 13 5] 

i)^^^\Ztj:^^ ^h\Z, m.\tm=^m^(OWM\Zf^\^Xii%\\y^<DiJ^y:!t^7'^fiiX 

[mi] 

i>oT, mi (A) (i, ^miJ ^'y^^T-'^ t^^\yyXt(Dm.^'k^^^M^7r^ 
L, mi (B) ■^'j^'T-V <h^mw>X^:(7)a«^^^^-ti:*^S,^^L 
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11112] 
[HIS] 
[1114 1 

[06] 

[mi] 
ms] 

[0 9] 
[010] 

1 , 2— 7-*v^;i/:^^ 7 
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3 —iJ >^ yM-^'^y 

5 A-^ 1 (7)mmm^ 

. 8 A. 8 C 

8B, 8E 

-Tfc^LPF 

9, 8 F 

1 1 A , lie 

1 1 B, 1 1 D 

SO -mmmm^y^ 
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mm 

12. isxx>\ ^<7)^t^]yyxmni 2 5^^'^«prHg^>^pf ^^i^T-v 1 1 A. tfz 

ti. :^ ^ 9 ;}^T-V 1 lB<i:;6^ib^<S x v ^ ;w :^ ^ ^ 1 <h , t"' v ^ ;L' p< 7 2 <!: tJ^ 
PF (n-yN-yi.7^-;i';J') 8 A75^^|*li^^*LTV^-&o •^^'7^^r^ 1 lB(C{i. ^ 
^^T-9 7{»^'l*IiS$tLTV^.|>o Mf*7fc^*T-9 (i. Tfe^L P F 8 B«^¥^L P F 8 

im^m] m i 
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